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ABSTRACT
A milk-based food supplement has been given to two 
groups of elderly patients who were anticipated to be at 
risk of malnutrition and an attempt made to assess its 
effects.
The first group consisted of twelve geriatric hospital 
patients who were given the supplement following an initial 
period during which baseline measurements were made. Similar 
measurements were made at monthly intervals during the 
administration of the supplement and two measurements were 
made at intervals of two weeks after stopping the supplement.
Assessment of mental function in these patients proved 
very difficult and no conclusions could be drawn from the 
results of the six different methods used. Grip strength, 
however, increased on supplementation, and there were 
significant rises in the blood levels of thiamin, ascorbic 
acid, folate and 25-hydroxycholecalciferol. These changes
tended to be reversed after the supplement had been stopped. 
The administration of the supplement did not change the 
various haematological parameters that were measured.
Evidence of thiamin deficiency, as indicated by a raised 
TPP value, was found in eight of the patients. Evidence of 
ascorbic acid deficiency, as shown by a low leucocyte 
ascorbic acid level, was found in four of the patients.
All the patients, except one, liked the supplement, and
(ii)
almost all said that they felt better when receiving it, and 
noticed a difference when it was stopped.
The second study was a pilot investigation of the 
effects of the supplement in elderly patients (nine women 
and one man) with a fractured femur. The investigation was 
carried out, like the first one, in a longitudinal fashion 
with the patients serving as their own control, but in addition 
some patients were studied who did not receive the supplement 
and some who received a supplement that did not contain the 
large amounts of vitamins present in the full supplement.
Ascorbic acid and thiamin status were assessed daily in eight 
and five patients respectively for up to 7 days post-operatively. 
Nitrogen and calcium excretion for 24 hours was assessed in 
nine patients for up to 14 days after operation.
Four out of eight patients had low plasma ascorbic acid 
levels either pre- or immediately post-operatively. In two 
patients who did not receive the full supplement the value 
remained below 0.2 mg per 100 ml for seven days post-operatively 
whereas in one patient who was at this level pre-operatively 
the level rose after three days on the supplement. Similar 
beneficial effects of the supplement were noted in the case 
of thiamin.
These studies suggest that a food supplement similar to 
that used in these studies will be of benefit to elderly 
individuals, and particularly to those with an underlying 
medical condition that pre-disposes them to malnutrition. .
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CHAPTER ONE 
INTRODUCTION
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"Old age is respected only if it 
asserts itself, preserves its rights, 
maintains its independence and retains 
its sway to the last breath"
Cicero 44 B.C.
As a person grows older, adaptation becomes more difficult. 
Situations that could have been dealt with relatively easily 
suddenly appear taxing and sometimes insurmountable. Often the 
old person notes these changes and undergoes- many emotional 
reactions. With advancing age, there is a dropping out of 
functional units in vital organ systems and a loss of functional 
capacities of many cells in the body (Shock, 1960).
A number of theories have been put forward to account
for the phenomenon of aging. Briefly, these may be described
as follows:
(a) Molecular basis of aging: this states that there are 
accumulated errors in DNA to RNA readout, followed inevitably 
by incorrect protein synthesis (Medvedev, 1967)„
(b) Somatic mutation: this suggested that aging was caused
by accumulation of random events, called "Aging hits", which 
occur with constant probability per unit of time throughout 
life. They result in damage to, or inactivation of genes, and 
eventually in the death of affected cells (Szilard, 1959).
(c) Free radical effects: hydroxy and hydroperoxy molecules
can be generated by a variety of enzyme reactions which rapidly 
produce lipid peroxides, which are highly active biologically 
and may be capable of producing many of the cellular changes
associated with aging (Harman, 1969).
(d) Cross-linking of macromol eculesr the increased degree 
of molecular cross-linking of collagen, the greater rigidity 
produced in the protein molecules was considered to have a 
variety of harmful effects on the flux of metabolism and water 
through interstitial tissues on which proper functioning of 
tissues and organs depend (Verz&r, 1968).
(e) Immunological theories: Walford (1969) critically
reviewed all the evidence supporting this theory and suggested 
that senescence is due to slowly progressive incompatibility 
between the body's own cells.
Integrated theories; assume that aging is due to multi­
stage processes of cellular damage (Carpenter and Loynd, 1968).
(g) Cybernetic theory: this relates to the loss of cells in
the brain leading to senescence (Still 1969).
There are other theories on aging, but no valid general 
theory has yet been advanced, and it is beyond the scope of 
this thesis to discuss these m  detail.
Aging is a multifactorial phenomenon characterised by a 
progressive degeneration in physical performance* We know, 
for example, that the number of ganglionic cells in the central 
nervous system decreases markedly with age, as shown by a 
decrease in the Purkinje cells of the cerebellum,''by a fall in 
the number of neurons in the cerebral cortex and also by a 
fall in the number of motor cells in the spinal cord (Shock, 
1960)„ This is because the cells are incapable of division 
and consequent replacement after about two years of age. Thus,
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the number of signals sent by the sense organ to the central 
nervous system decreases and hence the capacity for adjustment 
and adaptation declines with age* However, there are also 
individuals in advanced age who continue to lead effective and 
productive lives despite considerable pathological change. In 
the past, age was recognised and respected, but now it is 
treated more frequently either with indifference or hostility. 
Rejection in this period of life intensifies the already 
existing feelings of isolation and results in further social 
withdrawal, which in turn leads to rejection of food, 
malnutrition and ill-health.
Aging, however, is a natural phenomenon that takes place 
at all levels of biological organisation. We know there is
! i .growth/drfferentration and aging. These take place in sequence
A. /v
and the rate at which they do take place can be Influenced by 
nutrition. Biological age then becomes separate from 
chronological age and some people can be old at 45 and others 
young at 80.
LIFE SPAN
Overall life expectancy has increased during the 20th 
century and is now on average, 69 for men and 72 for women, 
compared with a figure of 23 years in the period of the Roman 
Empire. This increase is largely due to the eradication and 
control of diseases of infancy and a consequent reduction of 
childhood morbidity. The increase in expected life-span of 
a person of 40 years of age is comparatively small.
The effects of improved Public Health and infant 
welfare is evident in the population profiles of developing 
countries (Parkes, 1969, Fig.l) where a large proportion of 
the population are children and teenagers.
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The structure of the population in developed (or rich) 
nations is somewhat different, for here the availability of 
medical care has resulted in more people surviving to old age. 
There are 10 million people aged 60 years and over and 2.5 
million over 75 years in the United Kingdom (Central Statistics 
Office, 19 70).
Cohen (1965) estimated that 12.6 per cent of the total 
population in Scotland will be elderly (i.e. 65 years and 
over) in 1981, an increase of 2.1 per cent from 1961.
This is clearly shown by Fig.2 which shows the change 
in the population profile between 1901 and 1973 in the 
United Kingdom. The figure shows that the biggest changes 
are the increase in the number of individuals, and particularly 
females, in the older age groups (D.H.S.S. 1976).
Sex and age structure of the population Figure 1*2
United Kingdom
65
 1973
  1901
Thousands of persons in five year age group
In America there are 22 million men and women over 
years and over 15 million are 75 years and over (Shank,
1976). Likewise in a study in two counties in Canada,
Kingston and Ontario . Kraus et aL (1976) found that there 
were 11,000 people over the age of 65,
Medical science which is largely responsible for 
this increase in the number of elderly, is now called upon 
to learn more about age and aging, and the degenerative and 
chronic diseases common in the elderly, such as cardiovascular 
ailments, arteriosclerosis, osteoporosis and diabetes. The 
aim is to maintain an optimal state of physical and mental 
health in the individual, in the face of the natural aging 
process.
PHYSIOLOGICAL ASPECTS OF AGING
Physiologists support the view that changes occur in 
the function of various organ systems as the result of years 
of living. In general, the responses to physiological 
stresses are enhanced and reserves are limited. This is 
demonstrated by the age-related adaptations in the cardio­
pulmonary system (Harris, 1975? Parsons, 1977). The heart 
as a pump is markedly reduced in efficiency owing to 
arterial resistance to blood flow after 65 years of age and the 
heart size increases. Thus the resting systolic and 
diastolic blood pressure tend to increase as does the pulse 
rate in response to exercise. Vital capacity and maximum 
breathing capacity diminish,while thorax size decreases 
(Harris, 1970).
There is a progressive fall in renal function after 
about 40 years of age (Lindeman, 1975). A decrease in 
glomerular filtration rate occurs which suggests a reduction 
in the number of functional nephrons. Wesson (1969) found 
that the fall in renal function accelerated with increasing
age; a renal biopsy in an elderly person without overt disease 
shows a smaller number of glomeruli compared with that of 
a younger person and an increase in arteriosclerosis. As 
renal atrophy progresses•the organ's endocrine functions 
also dwindle (Parsons,. 1977). Richey (1975) reported that 
the filtration rate of the kidney in people over 80 years 
was reduced to 50% of the value at 25 years of age and this 
was reflected in an identical reduction in blood flow through 
the kidneys over the years.
Shock et al. (1963) demonstrated an age-associated 
decrease in body water paralleled by a reduction in oxygen, 
consumption. There is reduction in basal metabolic rate, 
lean body mass and water, which suggest that there is a loss 
in body cells with increasing age. The skin loses its 
elasticity and becomes dry, skeletal muscles atrophy and 
there is a decreased muscular strength. Also there is 
calcification of ligaments arid the older person appears shrunk 
and bent (Caster, 1976). However, all cells and systems do 
not age at the same rate nor to the same extent. We know 
the remarkable ability of the liver to regenerate in the 
face of adequate nutrition after protein calorie malnutrition. 
Also there is a high rate of turnover in the intestinal mucosa 
every one to two days in youth.
The most generalised physiological manifestation of 
aging is the relative inability to adapt or respond to stress 
to the same extent as in one's youth, and these structural and 
functional changes occur earlier in some and later in others.
We also know that elderly patients are more vulnerable to
adverse drug reactions for these reasons and hence the 
precarious physiological balance of the elderly.
NUTRITIONAL ASPECTS OF AGING
Most of our knowledge of the impact of nutrition on 
the process of aging has been derived from work on experimental 
animals. The classical experiments of McCay (1929) with rats 
suggested that delayed physical manifestations of aging 
combined with life prolongation can be produced by under­
nutrition. These results were confirmed by Berg (1960) and 
Ross (1972). Segall and Timiras (1975) have alsb reported, a lower 
mortality rate with elongation of life-span in tryptophan- 
deficient rats. They found fewer tumours and degenerative 
disease such as cardiac, renal and vascular lesions in their 
experimental rats, as’with 1McCay's 'experiments;' "however, ‘ ? 
the aging, though retarded, was not prevented. Many other 
studies in which aging has been retarded by undernutrition 
have been criticised on the grounds that the condition of the 
animals was poor. Though prolonged, the life seemed to be 
of poor quality. Further studies of Segall and Timiras 
(1976) were, however, an exception in that in their experiments 
it was suggested that feeding the low tryptophan diet 
impaired pituitary function and this, coupled with administration 
of the drug d,l-parachlorophenylalanine, maintained the animals 
in good condition. This drug is known to inhibit the synthesis 
of serotonin. They then postulated that these treatments 
delay the development of the neuroendocrine axis with 
consequent impairment of autonomic and neural control of
homeostasis. They hope to devise a method to delay aging 
in humans by altering the balance of neurotransmitter levels 
in the brain.
Ross and Bras (1974) showed that the frequency of 
various types of tumour and age-related diseases can be 
modified by different diets. They fed groups of rats on 
diets containing varying amounts of protein and on diets 
containing varying amounts of sugar. The incidence of 
tumours and of renal, cardiac and prostate gland disease was 
higher in animals fed high protein diets than in those fed 
low protein diets. It was also higher in animals fed high 
sugar diets than in those fed low sugar diets. However, the 
effect of a high sugar diet was greater than that of a high 
protein diet.
Although the results of animal experiments are not 
directly applicable to man, valuable information has been 
obtained from them. For example, McCay (1955) showed that 
rats fed from birth on a milk diet have denser bones with a 
higher calcium content in old age than those fed on a mixed 
stock diet containing meat and many products eaten by man.
We do not know the nutritional requirements of man at all 
ages and particularly is this true of the elderly. It seems 
reasonable to suggest that improper nutrition may be one of 
the major factors causing, either directly or indirectly poor 
health in the Western society today. It is indeed difficult 
to distinguish the effects of nutritional factors that are
operating for the first time in old age.from those that have 
operated in the individual from birth. Thus, osteoporosis, 
a major problem in the elderly, and to some extent, a natural 
phenomenon of aging, may in some people result from the 
condition of the skeleton before maturity.
MALNUTRITION
Dietary surveys such as that carried out by the Department 
of Health and Social Security (1972) have shown that there is 
no evidence of overt malnutrition in the elderly. However, 
the work of Exton-Smith and his colleagues, together with 
other workers has drawn attention to the presence of vulnerable 
groups amongst the elderly who are at risk of malnutrition.
The nature and estimated number of people in this high risk 
groups in Britain in 19 6 4!' were as follows:-
Risk classification Number of aged 65 and over
Severe incapacity 350,000
Mental infirmity 277,000
Extreme social isolation 262,000
Aged over 85 308,000
There are many factors that operate more frequently 
with increasing age and which may lead to obesity, diabetes, 
cardiac disease, nutritional deficiency and indeed to a 
multiple pathology. Exton-Smith (1971) suggested that these 
factors which lead to nutritional disease could be divided 
into two groups: primary factors - ignorance, social isolation, 
physical disability, mental disturbance, iatrogenic disease 
and poverty? and secondary factors - impaired appetite,
masticatory inefficiency, malabsorption, alcoholism, drugs 
and increased requirement.
Malnutrition might be expected in the elderly population 
of today because they had little opportunity to acquire 
nutrition education. Moreover, lifelong eating habits are 
not easily changed. Women, however, usually do better than 
men, particularly widowers who may have little or no idea 
about cooking and especially about the provision of a balanced 
diet.
Brockington and Lampert (1966) found in their study 
of the ’over 80*s' that dietary intakes could be related to 
the number of outside interests. Intake was improved when 
old people ate at clubs in the company of other people. The 
house-bound person loses interest in the preparation of food 
and often just eats snacks. The ‘house-bound*, therefore, 
constitute one of the 'vulnerable groups' amongst the elderly. 
Physical disabilities are also directly associated with 
malnutrition. Presbyopia is a manifestation of aging 
occurring between 40 and 50 years of age with cataracts 
occurring in 33% of elderly people (Rockstein, 1975).
Adaptation to dark as well as acuity of night vision gradually 
fail with advancing age. Rheumatoid arthritis and hemiplegia 
which often occur in the elderly make it difficult for them to 
shop and prepare food.
Mental disturbances, such as dementia, lead to an 
inadequate intake of food, and may in turn further exacerbate 
the mental condition, for folic acid and thiamin are necessary 
for brain function and deficiency may cause confusion.
Iatrogenic nutrient deficiency disease is not uncommon. Old 
people who have had pain and have been on a long-term gastric 
diet often have low levels of vitamin C as they tend to avoid 
fresh fruit and vegetables. It is well known that old people 
who have little money to spare for the basic necessities for 
living cut down on food first, and hence poverty is another 
cause of malnutrition (Cohen, 1974).
A .negative nitrogen balance and the breakdown of tissue 
protein occurs in people who are immobilised in bed for long 
periods (Dietrick, Whedon and Shorr, 1948), and in- those 
suffering from pyrexia, as a result of extensive bed-sores 
with the loss of protein-rich fluid (Lawson, 1965). A 
combination of these two factors operates together to produce 
malnutrition in the individual.
Leeming, Webster and Dymock (1973) and also Hyams
(1973) have reviewed surveys which suggested that there were 
low intakes of thiamin, folic acid, cyonocobalanin, 
vitamin C and iron in the vulnerable groups. Morgan et al. 
(1975) reported a study of 93 elderly patients in whom they 
investigated the status of various vitamins and proteins.
The overall results showed that 29% of the tests yielded 
abnormally low values, and 50% of the patients had results 
for albumin, vitamin C, E, A, and nicotinic acid that were 
below the normal values.
With respect to thiamin, Rafsky and Newman (1941) 
reported that greater quantities of this vitamin were required 
to promote an excretory level in the urine equivalent to that 
found in younger.age groups. They concluded that elderly
-14-
people have a greater requirement for thiamin than younger 
age groups. Horwitt et al.(1948) could not confirm this.
The thiamin requirement depends on energy intake and since 
this decreases with age, the lower intake of thiamin might 
be adequate. However, Basu et al, (1976) reported low thiamin 
status in psycho-geriatric patients as determined by the 
transketolase method. Griffiths (1968) reported marked 
improvement in the clinical condition of 40 elderly patients 
who were given a multivitamin supplement.
The Department of Health and Social Security (1972) 
study identified twenty seven subjects as being malnourished.
Of these, two had symptoms of scurvy. Griffiths (1968) 
reported subnormal vitamin C status in 62 of the 80 hospitalised 
subjects that he studied. Large scale catering seems to be 
one of the causes of low vitamin C status (Andrews, 1968?
Kataria et al., 1965). Eddy (1968) discussed the problem of 
retaining vitamins in hospital food, Davies et a L  (1974) 
also found little vitamin C in the food provided by the Meals 
on Wheels service at Portsmouth. Lonergan et al. (1975) also 
found low intakes of vitamin C in their survey of older people 
in Edinburgh.
Skeletal rarefaction which occurs in old age has been 
reported to be due to lack of vitamin D in the diet. This, 
coupled with impaired absorption of calcium and renal atrophy, 
which occur in old age, are considered to be responsible for 
osteoporosis in the elderly population (Nordin, 1971). Marked 
skeletal rarefaction was reported in elderly women by Exton- 
Smith, Hodkinson and Stanton (1966)„ They found that these
-15-
women had low intakes of vitamin D compared with a sex 
age-matched group with normal bone.
With increasing age, the risks of becoming house­
bound and having a poor diet increase. Wilkinson, Leeming 
and Webster (1974) found 50 percent of their house-bound'1 subjects 
to have a very low intake of vitamin D. The results were in 
close agreement with the report of Exton-Smith,Stanton and 
Windsor (1972) who found that 48 percent of the women and 20 
percent of the men were taking very low levels of vitamin D.
Corless et al,(1975) found very low concentrations of 
plasma-25-hydroxycholecalciferol in patients in' a long-stay 
geriatric hospital, especially in those who were never exposed 
to sunlight. This observation clearly shows the importance 
of exposure to sunlight with respect to vitamin D status.
Stamp and Round (1974) have shown that there are seasonal 
changes in the plasma level of the vitamin. Polanska and 
Wills (1976) discussed the contributory factors to osteomalacia 
in the elderly and concluded that low dietary vitamin D coupled 
with lack of sun exposure were the leading aetiological ones.
The metabolism of calcium is closely* linked to that 
of vitamin D. Bullamore et a h  (1970) showed that the fall 
in calcium absorption in old age can be corrected by the 
administration of the vitamin in high doses. This was confirmed 
by Dent (1970)„
Gastrointestinal lesions and regular ingestion of 
salicylates have been reported to be the common cause of iron 
deficiency anaemia in the elderly. McLennan et al*. (197 3)
reported low haemoglobin levels in 7.5 percent of men and 20 
percent of women in their survey in Glasgow.Evans and Stock 
(1972) reported low iron intakes in elderly patients.
However, it is not clear whether these were due to low energy 
intakes, for there is a direct correlation between energy and 
iron intake (Hyams, 1973? Cross, unpublished).
A number of studies have suggested that the elderly are 
at risk of potassium deficiency. This results from the use 
of diuretics for the treatment of cardiac conditions and from 
a low potassium intake. Hypokalemia results in muscle
weakness (Judge, 1968). Low potassium intakes have been
associated with depression (Davies et al, 1973). They studied 
100 elderly persons and found that the mean intake of 35 
subjects considered to be lonely and depressed was 49 mEq 
(1.9 g) with a range of 31-105 mEq (1.2-4.1 g). The other 
65 in the group who were not considered to be depressed or 
lonely had an intake of 59 mEq (2.3 g) with a range of 28- 
105 mEq (1.1-4.1 g). Normal diets provide 50-150 mEq 
(2-5.8 g) per day. In 1971 Judge and Crown stated that an 
intake of 60 mEq (2.3 g) per day should be the lower limit 
of normal.
Exton-Smith (1971) and Exton-Smith et al. (1972) have 
also associated mental illness, that is dementia, with a 
low intake of food and hence with a low potassium intake.
NATURE OF PRESENT STUDIES
The studies reviewed above suggest that certain groups 
of elderly people are prone to malnutrition with respect to 
vitamin intake. The present work describes the results of an
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investigation in which a milk base supplement fortified with 
vitamins has been administered to a group of elderly 
hospitalised patients. Attempt has been made to assess the 
benefit of this supplementation.
A pilot study has also been performed in which the 
same supplement has been given to elderly patients admitted 
to hospital for surgical treatment of fractures.
CHAPTER1 TWO
FECTS OF A NUTRITIONAL SUPPLEMENT 
HOSPITALISED GERIATRIC PATIENTS
INTRODUCTION
In order to assess the value of a nutritional supplement 
it was first necessary to identify a suitable vulnerable group 
of individuals. It was decided to use hospital patients for 
the study. These were chosen because they could be under 
observation throughout the study and the administration of the 
supplement could, therefore, be controlled*
The choice of the particular patients to be used was 
largely the responsibility of the Geriatrician. However, it 
was necessary to lay down certain criteria for their inclusion 
in order to achieve a degree of uniformity. It was necessary 
that the patients should be clinically stable and that they 
should not be receiving long term drug therapy, particularly 
with anti-convulsants. They had to be available for the 
expected duration of the study, i.e. a minimum of eighteen weeks. 
Furthermore, it was important that they should not be receiving 
any other nutritional supplement in the form of vitamins or 
minerals, or as foods such as Complan or Build-up.
Previous investigations in which the effects of 
supplementation have been studied in this age-group have 
used multivitamin preparations given in the form of tablets 
(Griffiths, 1968? Taylor, 1968? Morgan et aL, 1975) or a single 
vitamin also administered in tablet form (Arthur et al., 1967; 
Disselduff and Murphy, 1968? Mitra, 1970)t Whilst this form 
of administration has the merit of simplicity, the supplement 
can be viewed by the patient as part of their drug therapy.
It seemed that there would be considerable merit in providing
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the vitamins in the form of a palatable food. The foods at
present available seemed not to meet the particular require-
P<10(
ments because ofj^palatability, difficulty of preparation, or 
cost. The supplement used in the present study had 
considerable advantage in respect of each of these points, 
and was planned to provide a third to six times the expected 
requirements of each of the nutrients to which elderly people 
are known to be 'at risk' of deficiency.
In order to justify the use of a nutritional supplement 
it seems necessary to demonstrate a beneficial effect in the 
patients. Tests were used which attempted to measure the 
effects of the supplement on mental and physiological function 
and upon a number of biochemical and haematological parameters 
The details of the various tests are outlined below.
The trial of a nutritional supplement such as that 
used in this study presents certain problems of design. It 
is impossible to obtain two groups of patients that are 
sufficiently similar in every respect so that one group can 
serve as a control for the other. Furthermore, it is not 
possible to use a placebo and carry out a double-blind trial 
like that done to evaluate drugs. With these limitations in 
mind it was decided to do a longitudinal study in which the 
patient would serve as his or her own control, and to make 
the measurements during an initial control period, during 
the period of the administration of the supplement, and 
during a further period when the supplement had been stopped.
DESIGN OF THE STUDY
As indicated above, the investigation was designed as 
a longitudinal study over 18 weeks, with each subject acting 
as his or her own control.
It was divided into three phases;
Phase Is Covered the first fortnight after inclusion 
in the study and was a preliminary baseline period 
during which observations of each type detailed below 
were made. The basal observations were made at 
weekly intervals.
Phase II: This was the main study period and lasted
for twelve Weeks, during which the supplement was 
given and observations made at intervals of four 
weeks.
Phase III; This covered the last four weeks of the 
investigation during which the supplement was stopped 
and two further observations made at intervals of two 
weeks.
PATIENTS
All the subjects were chosen from geriatric wards in 
two hospitals, University College Hospital, London and 
Hydestile Hospital, Surrey.
They were all examined by the ward physician and 
considered to be clinically stable, and have all been in that 
particular environment for a minimum period of four weeks 
prior to the commencement of the study.
A total of thirty-nine subjects were recruited into 
the study, twenty-nine from University College Hospital and 
ten from Hydestile Hospital. For various reasons only 
twelve subjects completed the study. However, some measure­
ments were made on the discarded patients and will be included 
where appropriate.
CASE HISTORIES OF PATIENTS WHO COMPLETED THE STUDY
B.Mc. Male; 71 years. Fell down the stairs at home and was 
admitted to hospital, and was found to have a left sided 
hemiplegia. He had a previous history of prostatectomy, head 
injuries, pneumonia, fractured ribs, discoid lupus, erythema «» 
and cellulitis. He had no acute illness during the time of 
the study and was in hospital on social grounds, as the old 
peoples1 home where he lived closed down temporarily due to 
staff shortage.
J.T. MaJe; 76 years. He had Parkinson's disease and used to 
live in the same home as B.Mc. His condition deteriorated 
and he was, therefore, admitted to hospital. He remains in 
the hospital as he could not cope anywhere else. Apart from 
wandering out of the hospital, he had no acute illness during 
the time of study.
C.R. Male; 78 years. This man was originally admitted for 
resection of the colon for adenocarcinoma. He was in hospital 
on social grounds and had no acute illness during study.
M.P. Female; 80 years. She has had myxoedema since May 1973, 
and also a mild left hemiparesis and was not able to live on 
her own. She was, therefore, admitted on social grounds, and 
had no acute illness during study period.
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M.D* Female? 84 years. . This lady had rheumatoid arthritis.
She was admitted to Hyde's tile Hospital in March 1976 from The 
Heights, Wormley, for assessment of her condition.
L.F. Female? 82 years. This lady had been in hospital since 
December 1975, with hypothermia. She was in a very confused 
state and was diagnosed as having cerebral arteriosclerosis*
H.M. Female? 71 years. This lady was an old orthopaedic case, 
who has had a cerebrovascular accident (CVA)« She was admitted 
in July 1974 for assessment of the condition*
E.S. Female? 71 years. This lady had rheumatoid arthritis, 
and a previous history of bronchitis and CVA. She broke a 
leg in April 1976 and could not manage the stairs at home,
O.S, Female? 80 years. This lady had osteoarthritis, a 
diaphragmatic hernia and CVA of the brain stem. She had been 
in hospital since 1975 for physiotherapy.
G aT. Female? 72 years. This lady had a hemiplegia on the 
right side and was admitted in July 1976 on social grounds 
due to the death of her husband.
M.W. Female? 79 years* This lady had thrombosis and was 
admitted in June 1976 for mobilisation*
M.W. Male, 80 years. This man was admitted as an emergency 
from the day hospital in May 1976. He had a hemiplegia on 
the right side, and chronic bronchitis. He has since died 
of heart failure*
The first four patients listed above were in 
University College Hospital and the remainder were in Hydestile
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Hospital o The first four were all reasonably fit and did 
not have any drug therapy during the study period. Whereas 
the others were receiving various drugs during the study, 
although every effort was made by the clinician to keep 
changes in drug administration to a minimum, M.D. was very 
ill during Phase II of the study, and had very little appetite. 
Her condition was not halped by the fact that she had arthritis 
which made it difficult for her to feed herself. She did, 
however, take the supplement and found it acceptable. W.W.
was rather ill at the beginning of the study, but his 
condition improved considerably as the study progressed. He 
died after the study had been completed. The other subjects 
were ambulant or moved about in wheel chairs.
THE FOOD SUPPLEMENT
The supplement was a malted milk drink made with 
the foIJowing ingredients: separated milk solids, partially
demineralised whey, whey cream, malt extract, yeast extract, 
caramel, glucose syrup (liquid glucose), ferric ammonium 
citrate, zinc sulphate and vitamins.
Its composition is shown in Table 2.1. The formula 
was designed so that 15 grams of the powder, when 
reconstituted to 150 ml (1 cup) with milk provided at least 
half the daily recommended intake of the various vitamins and 
minerals. The amounts of the various nutrients supplied by 
the supplement in each cup of drink are also shown in 
Table 2.1.
Table 2.2 shows how the amounts of the various 
nutrients supplied by the supplement compare with the 
recommended daily intakes for the elderly. As far as vitamins 
are concerned, the supplement provided amounts which were close 
to,or in excess of the recommended intake.
The composition of the supplement as determined by analysis 
and the amounts of the various nutrients supplied in one 
cup of food reconstituted in water
TABLE 2 . 1
Nutrient Composition per 100 g
Amount per cup 
i.e. 15 g 
dry powder
Daily intake 
amount: 3 
cups per day 
i.e. 45 g 
dry powder
Protein g 19 3 9
Fat g 20 3 9
Carbohydrate g 54 8 24
Energy ■ kc 458 68 204
Vitamin A pg 2500 371 1113
Vitamin D tig 35 5 15
Vitamin C mg 200 30 90
Vitamin Bl mg 2.3 0.3 0.9
Vitamin B2 mg 4.3 0.6 1.8
Vitamin B6 mg 6.5 1.0 3.0
Vitamin Bl2 tig 14 2 6.0
Vitamin E mg 5.3 0.8 2.4
Nicotinic acid mg 50 7 21
Folic acid tig 300 45 135
Iron mg 10 1.5 4.5
Phosphorus mg 400 59 177
Calcium pantothenate mg 4 0.6 1.8
Zinc mg 33 5 15
Biotin tig 25 4 12
Calcium mg 500 74 222
Potassium mg 0.53 0.08 0.24
Manganese mg 1.5 0.23 0.69
Copper mg 0.05 0.01 0.03
Iodine tig 44 6.6 19.8
Comparison of the daily recommended intake for the elderly 
(DHSS 1969 UK) and that provided by the supplement
The values in parenthesis are the percentage of the recommended 
intake provided by the supplement.
• t a b l e 2.2
Nutrient Daily recommended intake
The supplement 
daily intake
Protein g 48-59 9 (15-19)
Energy kc 1900-2350 204 (9-11)
Vitamin A yg 750 1113 (148)
Vitamin D yg 2.5 15 (600)
Vitamin C mg 30 90 (300)
Vitamin Bl mg 0.7-0.9 0.9 (100-129)
Vitamin B2 mg 1.3-1.7 1.8 (77-106)
Vitamin B12 yg 3-4 6 (150-200)
Nicotinic acid mg 15-18 21 (117-140)
Folic acid yg 200 135 (67.5)
Calcium mg 500 222 (44.4)
Iron mg 10 4.5 (45)
The supplement was given three times per day under the 
supervision of a senior nurse and its administration was 
recorded on the patients' charts. It replaced the mid­
morning drink, afternoon tea and the bed-time drink. As 
indicated above 3 teaspoonsful were given in a cup of hot 
water. One of the 12 patients preferred a cup of tea during 
the afternoon and was given his supplement twice daily at the 
rate of 4%  teaspoonsful per cup.
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METHODS OF ASSESSMENT 
L  Physiological measurements
(a) Assessment of grip strength
Strength of grip was measured using an electric 
dynamometer, measuring in' kilograms. Each subject was 
seated in front of a table and a demonstration of the use 
of the dynamometer was given. The patient then gripped 
the instrument with each hand. The grip strength was 
measured several times and the highest value achieved with 
each hand was recorded. The values used in the assessment 
were the sum of the measured grips recorded for each hand.
(b) Dark adaptation., assessment of visual acuity in the dark
The instrument used was a light source with a variable 
rheostat connected to a calibrated resistance rod. The 
light could be dimmed or brightened by a slide on the 
resistance rod.
Acuity was measured at a distance of about 4 metres 
for both eyes over a period of 10 minutes in a dark room. 
Measurements were taken at zero time, at 5 minutes and at 
10 minutes. The subject was seated in the same position 
each time and the eyes were first exposed to a bright light 
to achieve a uniform bleaching of the visual purple. The 
subject was instructed to tell the observer when she saw a 
dim light. The point on the scale at which this occurred 
was recorded and taken to be the arbitrary unit of measurement. 
The smallest value noted in the 10 minute period was the value 
repor ted.
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2. Mental assessment
(a) Digit coding 
Figure 2.1
7. DIGIT 
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Inis is a substitution test based on Clement1s device 
of 1961; he found that the scores on this test declined 
over the age range of 29-59 years. A time factor is 
incorporated in this test. The subjects were asked to code 
as many digits as possible in 90 seconds. The score 
achieved was the number of digits correctly coded.
(b) Reaction time
This test assesses the ability of the subject to respond 
to a visual clue. There are two possible programmes that 
may be used. In the single programme used for all the 
subjects in the present study, a single light was flashed 
and the time taken to press a key in response to this stimulus 
was recorded. This was repeated twenty times and the 
mean value calculated. In the second programme two lights 
are used which flash randomly and the subject is required 
to press a button appropriate to the particular light that
comes on. Pressing the wrong button as may happen when the 
subject anticipates the flashing of alternate lights is 
recorded as a fault. This second programme was used on only 
four of the patients i.e. those in University College Hospital.
(c) Card sorting
This test is conducted with a set of playing cards.
There are three possible variants. The subject can be 
asked to simply sort the cards into two equal piles by putting 
one card alternately in each of two piles. The subject then 
may be asked to sort the cards into two piles according to 
colour, and lastly to sort the cards according to their suit. 
The maximum score in each test is 32, that is a point for 
each card correctly sorted. Errors in sorting incur a penalty 
of one point per error. This test was tried on the patients 
at University College Hospital and discontinued because the 
patients seemed to either score full points or none at all.
(d) Classification of the Environment
In two stages.
Stage 1. Fifty cards each bearing one of the numerals, one 
to five inclusive, are stacked in random order. They are 
sorted into five numbered boxes under the instruction of the 
patient, and the total time is recorded.
Stage 2. The five boxes are labelled Town, Countryside,
Home, Food, and Clothing respectively. Fifty cards, each 
bearing one noun or noun phrase, are then presented singly 
to the patient, for him to indicate the box in which he 
wishes them to be posted. The total time taken to do the 
test is recorded. For each classification there are five 
easy and unambiguous items and five that are difficult or in 
varying degrees ambiguous e.g. 'Riding boots' (worn when
horseriding) is associated with the countryside although it 
is more appropriate, within the task to assign them to 
’Clothing1. The details of the cards are given below;-
Unambiguous Ambiguous
Town
Woolworths 
Shopping centre 
Skyscrapers 
Restaurants 
Bank (Barclays) 
Countryside
Barn 
Haystack 
Pig pen 
Wild flowers 
Windmill
Home
Doormat
Kitchen
Bed
Carpet
Mother
Food
Cake
Fruit
Meat
Flour
Milk
Public House 
Hotel
Railway Station
Library
Hospital
Lane
Cottage
Park
Baker
Trees
Washing machine
Painting
Telephone
Nursery
Books
Duck 
Chicken 
Bread bin
Nuts
Cream
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Shoes Raincoat
Coat Overalls
Hat Shorts
Socks Umbrella
In scoring the test, 1 point is given for each
unambiguous correct sorting, and 2 points for each ambiguous 
one. No points are given for wrongly posted cards. The 
maximum score possible is 75.
This test was initiated during the second phase of the 
study of Patients at Hydestile Hospital.
(e) Picture matching task
This is the use of a teaching machine to assess mental 
function as described by Gedye (1966) (Gedye, Exton-Smith, 
Wedgwood, 1972). The machine is linked to a computer which 
gives a record of performance on any one occasion relating 
the level, of achievement to the time from start of test.
The use of this test had to be discontinued due to computer 
breakdown.
(f) Sustained perceptual set
Coloured numbers on a matt black background are reproduced 
photographically on a stout card of size 23 cm. by 19 cm.
5. Clothing
Trousers Riding boots
Test array Colour code
16 11 27 18 o y o b
28 24 15 31 y b b y
19 33 21 25 o o y b
12 26 17 29 b y o o
23 20 32 13 y b b y
30 14 10 22 b o Y o
o = orange, b = blue, y = yellow
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The patient was asked to count aloud from 10 - 33 to 
establish that he was capable of attempting the test.
Then he was told that when the card is turned over he should 
call out each number, followed by its colour, starting at 
the lowest, No.10. The total time taken was recorded in 
seconds. This test was attempted on a few Patients at 
Hydestile Hospital and proved to be quite beyond their ability.
3, Biochemical Measurements
After fasting overnight, thirty mis of venous blood were 
collected from each subject and distributed as follows 
2.5 mis x 4 E.D.T.A. bottles (ascorbic acid assay)
1 ml x 2 Heparin bottles (transketolase assay)'
4 mis x 2 plain bottles (serum vitamin D assay)
2 mis x 1 E.D.T.A. bottle (haematology)
5 mis x 1 plain bottle (serum folate assay)
3 mis x 1 E.D.T.A. bottle (red cell folate assay)
Each sample was treated in a manner appropriate to the assay 
for which it was collected and these are described under the 
methods for the particular assays.
A 24-hour urine sample was also collected from each patient 
at the same intervals as the blood samples. The collection 
was started on the day before the sample was to be collected 
and completed on the same morning that the blood was taken.
The urine was mixed, measured, and aliquots taken for the 
measurement of D-glucaric acid excretion.
(a) Determination of total ascorbic acid (vitamin C)
This was measured in, a) Plasma
b) Leucocytes plus platelets
(Buffy coat)
c) Whole blood.
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Procedure:- The method used was basically the same as 
that described by Denson and Bowers (1961). The total 
ascorbic acid, that is ascorbic acid plus dehydroascorbic 
acid plus diketogluconic acid was determined in plasma by 
coupling with 2-4-dinitrophenylhydrazine after the oxidation 
of the ascorbic acid. The resultant orange coloured addition 
compound was dissolved in sulphuric acid and the extinction 
determined at 520 nm. This same principle was used for 
determination of total ascorbic acid in the 1buffy coat1 
i.e. in the leucocytes and platelets, and also for the 
determination of ascorbic acid in whole blood.
Reagents:- All were of analar grade except the copper 
sulphate, which was reagent grade.
1. Trichloroacetic acid (T.C.A.) 5% aqueous W/V, (Fresh)
2. Sulphuric acid 10 N
3. Thiourea solution 5% aqueous W/V
4. Copper sulphate solution, 0.6% aqueous W/V
5. 2.-4~dinitrophenylhydrazine (D.N.P.H.) (stock) 22 g
2-4-D.N.P.H. were dissolved in 10 N sulphuric acid and 
the volume made up to 1 litre. This solution was 
stored at 4° C.
6 . 2-4-D.N.P.H. working solution; to 100 mis of 2-4-
D.N.P.H. (stock) was added 5 mis of 5% thiourea solution 
and 5 mis of 0 .6% copper sulphate solution.
7. Standard ascorbic acid solution. A new 25 g bottle
of crystalline ascorbic acid was used on each occasion.
A standard was prepared by dissolving 0.8 g of ascorbic 
acid in 5% T.C.A. and the volume made to 100 mis with 5% 
T.C.A. Dilutions of this standard were made to contain
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8. Sulphuric acid 65% V/V
9. Sodium chloride solution 0.86 g/100 mis
10. Dextran 150 injection solution B.P. (Fisons)
11. Dextran saline solution. 0.2 g of dipotassium diamino- 
ethane tetra acetic acid were dissolved in 50 mis of 
dextran 150 solution. The volume was made to 250 mis 
in a volumetric flask with sodium chloride solution.
12. Isoton solution (Coulter Electronics Ltd.)
13. Zaponin lysing reagent (Coulter Electronics Ltd.)
Method:- Samples - 2.5 mis x 4 E.D.T.A. tubes of blood.
(i) Treatment of blood for plasma ascorbic acid
All samples for ascorbic acid determination were stabilised 
in 5.% T.C.A. solution within three hours of withdrawing the 
blood. One tube containing 2.5 mis of blood was centrifuged 
at 3,000 rpm for 10 minutes. 0.5 ml of plasma was transferred 
into duplicate polystyrene tubes containing 2 mis of 5% T.C.A. 
The tubes were stoppered, mixed, and placed in the 
refrigerator overnight.
The samples were mixed thoroughly on the following 
morning, centrifuged and 1.5 mis of the T.C.A. supernatant 
plus 0.5 ml of working 2-4-D.N.A.P. solution were incubated 
at 37° C for 4 hours. After which the tubes were placed in 
an ice bath and 2.5 mis of 65% ice-cold sulphuric acid was 
added to each tube slowly, and mixed well. They were then 
left for about 30 minutes to reach room temperature,and read at 
520 nm on an SP500, against a reagent blank or water.
Standards of 0.4, 0.8, 2 and 4 yg/ml of ascorbic acid 
were carried through the same procedure.
0.4, 0.8, 2 and 4 yg/ml.
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(ii) Extraction and -treatment of buffy layer preparation
Two tubes of 2.5 mis of blood were transferred into two
test tubes each containing 12.5 mis of dextran saline solution 
The tubes were inverted 2 to 4 times to gently mix and allowed 
to stand for 45 minutes at room temperature for the red cells 
to settle. The supernatant white cell suspensions were 
removed with a wide pipette into clean tubes. 10 mis of 
this were transferred into S^g-Tri-R homogenizing tubes and 
centrifuged. The remainder of the solutions were placed in 
stoppered polystyrene tubes and kept on a rollamix until 
required for cell counts. After 10 minutes centrifugation, 
the supernatant liquids were discarded. The tubes were 
drained over a mat of filter paper and 2 mis of 5% T.C.A. 
added to each tube. The residue was ground to a fine 
suspension with a Tri-R homogeniser for 30 seconds and trans­
ferred to stoppered polystyrene tubes which were placed in 
the refrigerator overnight and treated like the plasma samples
(iii) Whole blood ascorbic acid
The last tube containing 2.5 mis of blood was taken and
0.5 ml of blood transferred in duplicate into polystyrene 
tubes containing 2 mis of 5% T.C.A. After mixing well, the 
tubes were placed in a refrigerator overnight. These 
samples were treated in the same way as the plasma sample.
Cell counting:- 0.2 ml of the cell suspensions that were kept 
on the rollamix was counted in 20 mis of Xsoton, after lysing 
the red cells with two drops of zaponin. Four counts were 
taken from each dilution and were done in duplicate. The 
cells were counted on a coulter counter Moden DN, at aperture 
current 3, and threshold 23.
Calculation: - , .
£2 £b x 2 = Mg total A.A./100 mis plasma
^e l  ~ eb^ o r  k f ° 0<^
(e2 - eb) x 4 x 105
7—— 7--- .----7;-------- = ug total A.A./IO cells\ £b *** ^
where = extinction of standard
£~2 ~ " of unknown
eb = " of blank
C = cell counts
(b) Assessment of thiamin status
Introduction:- This was done by measuring the erythrocyte
transketolase activity, and thiamin pyrophosphate effect 
(T.P.P. effect). The enzyme transketolase, contains tightly 
bound thiamin pyrophosphate as a coenzyme as well as 
magnesium and manganese and acts as an intermediate carrier 
of the glycolaldehyde group in the hexose monophosphate 
shunt. It transfers this to a molecule of D-ribose 5-phosphate 
to form the seven-carbon keto sugar D-sedoheptulose 7-phosphate 
and the three—carbon sugar, D-glyceraldehyde 3-phosphate which 
provides a point of connection between the glycolytic pathway. 
These reactions are represented by the following equations
D-Xylulose 5-phosphate D-Sedoheptulose 7-phosphate
_____ b.
+ ^ — —  + 1
D-Ribose 5-phosphate D-Glyceraldehyde 3-phosphate
D-Xylulose 5~phosphate D-Fructose 6-phosphate
4. +'C--------
D-Erythrose 4-phosphate D-Glyceraldehyde 3-phosphate
In 1960 Brin, Shoett and Davidson demonstrated that the 
activity of transketolase in rat erythrocytes was depressed
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in thiamin deficiency and this led them to develop a reliable 
transketolase assay in red cell haemolysates.
Dreyfus (1962) developed the method that measures 
heptose instead of hex'ose phosphate. Schouten et al. (1964) 
modified this ultramicro method onto a macro scale for better 
reproducibility.Basu,Patel and Williams (1974) reverted to the 
microassay and simplified it so that it could be done in a 
shorter period, i.e. completed in one day instead of developing 
the colour overnight.
Method:- The method adopted was that of Basu et al.
(1974) and for the T.P.P. effect a 2 x 10 ^ M of 
thiamin pyrophosphate (cocarboxylase) was used. All reagents 
were analytic grade, obtained from B.D.H.
D-sedoheptulose standards and cooarboxylase solutions 
were prepared fresh each day. The 2 x 1 ml heparinised
blood samples were frozen and stored at -20° C and assayed
within six weeks of collection of the samples.
Calculation of results:- The transketolase activity in 
the blood was expressed in ymoles of sedoheptulose-7-phosphate 
formed per minute per litre under the described conditions 
(Basu, et al., 1974).
AOP sample x cone standard x 300 x 20 x 1000 _ /1 .
AOD standard x 30 x Hot x 100 ~ ym'
AOD = difference in optical density between 510 and 540 My 
30 = incubation time
Hot = Haematocrit 
300 = Total volume yl 
20 = 1 ml 
1000 = 1 litre 
100 = Volume used in incubation
The T.P.P. effect was expressed as the percentage increase 
of sedoheptulose-7-phosphate formed after the addition of 
thiamin pyrophosphate.
(c) Measurement of folate status
Red cell and serum folate concentrations were measured. 
This assay was done by the Pathology Department of University 
College Hospital, London (U.C.H.).
Procedure:- The blood samples were collected as stated and 
the serum separated from the sample in the plain bottle and 
taken into a sterile bottle and crystalline ascorbic acid.
(5 mg/ml serum) added. This tube was stored at -20° C.
The E.D.T.A. sample was haemolysed by the addition of 
freshly prepared solution of ascorbic acid 1% W/V, 5 parts 
ascorbic acid solution to 1 part of blood. The water used 
in dissolving the ascorbic acid was cooled autoclaved distilled 
water. The samples were stored at - 20° C.
All samples were sent to U.C.H. in dry ice within 5 days 
of collection and assayed within 10 days of collection.
The method used was the biological assay which employs 
a chloramphenicol-resistant strain of Lactobacilus casei.
The growth of this organism is dependent on the amount of 
folate present. The normal ranges for these assays are as 
follows:- Serum folate 4 - 2  ng/ml
Red cell folate 150 - 650 ng/ml
(d) Measurement of vitamin D, (25 Hydroxycholecalcifsrol)
The method used was an adaptation of that described by
Belsey, DeLuca and Potts (1974) "A rapid assay for 25-OH-
vitamin without preparative chromatography". The 
adaptation was developed by Dr. Joan Stephen and her 
Colleagues at the London School of Hygiene and Tropical 
Medicine. It measures both 25-Hydroxycholecalciferol 
(25-H.C.C.) and ergocalciferol.
Reagents:-
Unlabelled 25-H.C.C. this was obtained from 
P.Duphar - Amsterdam. For use, 5.0 mg was weighed out and 
dissolved in ethanol (absolute analar) and various dilutions 
made down to a "master" dilution of 10 ng/ml. Standards 
used for the calibration curve contained 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 4.0, 5.0, 7.5 and 10.0 ng/ml, and were all kept 
at - 20° C.
Labelled ^H-25-H.C.C. this was obtained from the 
Radiochemical Centre, Amersham, product T.R.K. 396.25 yci 
specific activity 9.7 Ci/mmol.
This solution was made up to 10 mis in benzene alcohol 
mixture (9 : 1),250 yl aliquots were taken into stoppered 
vials which were kept at - 20° C. For use, one aliquot was 
blown dry with nitrogen and made up to 10 - 13 mis with ethanol, 
so that 50 yl contained approximately 2000 C.P.M.- This 
solution was stored in a refrigerator.
The appropriate amount of this alcoholic dilution was 
diluted x 10 with buffer containing 0 .1% albumin, before each 
assay.
Phosphate buffer pH 7.6 (0.02 M Na phosphate)
Na2HP0  ^ 14.2 g in 500 ml solution (1)
N a ^ P O ^ . 2H2O 3.12 g in 100 ml solution (2)
435 ml (1) was mixed with 65 ml (2) and diluted to 5 litres 
and stored in the refrigerator.
Binding protein this was serum obtained from rats 
that were fed for two generations on a vitamin D-free diet 
(by courtesy of Dr. Joan Stephen). This serum was stored 
at - 20° C in 10 yl aliquots and diluted with buffer containing
0.1% albumin to give a final dilution of 20,000. The solution 
was kept in the refrigerator, and used within three days.
Charcoal suspension 2.5 g activated charcoal (Sigma) 
and 0.25 g dextran, mol.weight 60,000 - 90,000 (Koch-Light) 
were suspended in 100 ml buffer, stirred all day and stored 
in the refrigerator.
Albumin fraction V (Sigma) (Bovine serum)
Scintillant NE 260 (xylene-based) from Nuclear 
Enterprises, Sighthill, Edinburgh.
Procedure
' Extraction:- 2 mis analar ethanol (absolute) was. added
to 500 yl plasma in a plastic tube, which was stoppered and 
mixed for 10 seconds on a whirlimixer, and then allowed to 
stand for 30 minutes in an ice-bath. The mixture was 
whirlimixed briefly again and then centrifuged at - 4° for 
20 minutes at about 2500 R.P.M.
Competitive protein binding assay:-
A standard curve was done with each assay. 100 yl 
aliquots of each standard were pipetted in triplicate into 
3 x h inch glass test tubes. 100 yl ethanol was taken in 
triplicate for 'zero standard', 100 yl ethanol in triplicate 
for 'charcoal blank1 and again 100 ul ethanol in triplicate 
for the 'total activity' tubes.
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Samples .
100'yl aliquots of alcoholic extracts from the plasma 
samples were pipetted in triplicate in 3 x \ inch test 
tubes for assay and a further 100 yl for sample blanks.
All the racks were kept in an ice bath.
500 yl buffer only was added to the "charcoal 
blank", "sample blank" and the tubes for "total activity".
500 yl buffer containing binding protein (±0,000 
dilution) was added to the remaining tubes including 
zero standard and samples.
500 yl buffer containing labelled 25-HCC (about 
2000 C.P.M.) was added to each tube.
The contents of the tubes were mixed briefly on 
a whirlimixer and allowed to stand for 2 hours in an 
ice-bath.
After 2 hours 100 yl of charcoal suspension 
(which was kept stirring while adding) was added to
ieach tube except "totals" tubes which had 100 yl buffer j 
only. The tubes were mixed again and set aside in an ice- 
bath for a further 30 minutes. They were then centrifuged 
for 20 minutes at - 4° C at about 2500 r.p.m.
500 yl aliquots of supernatant were taken into 
4 mis of scintillation fluid in polyethylene minitubes.
They were capped and placed inside glass vials and 
counted in a coru/matic scintillation counter, Model 100a 
for 10 minutes in order to keep the department schedule. 
Counting for 20 minutes is advisable if time permits.
Interpretation of results:- The "charcoal blank" counts 
(mean) were subtracted from the counts for each standard, and 
a calibration curve was plotted from 0 - 1 0  ng.
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The average of the sample blanks was subtracted from 
the mean of the counts for each sample. The net count was 
then read off the calibration curve. This value represented 
lOO yl of a total of 2.5 ml of extraction mixture from 0.5 ml 
plasma. The value was therefore multiplied by 5 to obtain 
ng/ml plasma. A sample of a particular plasma was included 
in each assay as a quality control.
(e) Measurement of urinary D-glucaric acid
Certain vitamins particularly ascorbic acid and folic 
acid play a role as co-factors for hepatic microsomal drug 
metabolising enzymes and it seemed to be of interest to 
have some measure of the activity of these enzymes in old 
people, and the response of the enzymes to diet. It is 
impossible to obtain liver samples for direct assay, however, 
stimulation of drug metabolising enzymes induce the synthesis 
of ascorbic acid in the rat and of D-glucaric acid in those 
species such as man that cannot form ascorbic acid. Thus, 
the excretion of D-glucaric acid has been used as an index 
of the activity of hepatic drug metabolising enzymes (Hunter 
et al., 1971; Maxwell et al., 1972). The metabolic route 
whereby D-glucaric acid is formed is shown in figure 2.2.
Method:- In the method of assay D-glucaric acid is converted 
to glucaro 1,4 lactone by boiling the urine. This product 
is a potent inhibitor of 3-gluctlronidase and was assayed in 
a second stage of the determination by inhibition of the 
enzymatic cleavage of phenolphthalein glucuronide.
The procedure followed was that of Simmons, Davis, 
Dordoni and Williams (1974). The 24 hour or 6 hour urine
- 4 4 -
Figure 2.2. Glucuronic acid pathway in the liver,-----
pathway in animals other than man, primates 
and guinea pig
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samples were measured on the day of collection and aliquots 
taken and stored at - 20° C till assayed.
All reagents were obtained from Sigma Chemical Co. as 
stated by Simmons et a-1. (1974) , except for the standard, 
potassium hydrogen glucarate which, was obtained from 
Senn Chemicals, Dielsdorf. Interpretation of results was 
exactly as described in the method.
(f) Haematological measurements
Haemoglobin, red and white cell counts and reports on 
blood film were done by the Haematological Department of 
the two Hospitals, U.C.H. and St. Luke's Hospital, Guildford.
The statistical analysis was performed according to the method 
of Hills (1968).
RESULTS
1. Physiological assessment
The effect of nutritional supplementation on the grip 
strength of both hands and on the dark adaptation are shown 
in Table 2.3. There was a rise in grip strength during the 
period of supplementation (P < 0.05). The mean value fell 
when the supplement was stopped. The range of values for 
the individual subjects was wide at each period of observation. 
The most remarkable change occurred in one male subject (W.W.) 
who was not able to grip at all during phase 1 and scored 'O' 
on both occasions. After taking the supplement for one 
month his grip had risen to 16 kg and continued to rise 
progressively to 21 and 25 kg respectively during the two 
succeeding months. The values then fell to 18 kg after the 
supplement was stopped.
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The mean values for dark adaptation did not change 
during the entire period of observation. This was true 
also of the values for the individual subjects (Appendix, 
table A. 1) .
2. Mental assessment
The value obtained for the various tests used to 
determine mental function are shown in Tables 2.4, 2.5 and
2.6. The results in Table 2.4 are the mean values for the 
digit coding test and for reaction time in the twelve subjects. 
These showed no consistent change that could be attributed 
to the supplement. The results in Table 2.5 were obtained 
on four subjects only who were subjected to the .card sorting 
test presented in three different ways. It was clear that 
the subjects could either do this test or not and there was 
no gradation of results. No time restriction was imposed 
during this test. Table 2.6 shows the results of eight 
subjects who were submitted during part of the study to a 
test which required them to classify the environment to 
which certain articles shown on cards belonged. Two subjects 
were not able to perform this test. One of them was very 
demented and could not give a sensible answer. The other 
one (W.W.) was illiterate. Three of the subjects showed a 
fall in time required to score points and two of these said 
that they were able to remember the answers from one time 
to the next anr* thus showed a learning effect.
3. Biochemical assessment
The ascorbic acid concentration in the whole blood rose 
during the period of supplementation and fell when the 
supplement was stopped (Table 2.7). The values for the
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TABLE 2.5
Effect of nutritional supplementation in the four patients
at University College Hospital on the ability to sort cards
correctly
Values are individual observations on four U.C.H. subjects
Type B.Mc TT CR MP
I* Before
supplementation 1 32 32 32 32
During
supplementation
2
1
32
32
32
31
32
32
32
32
2 32 32 32 32
3 - 0 32 32
After
supplementation 1 — 0 32 30
2 32 0 32 28
II* Before
supplementation 1 32 0 32 32
2 32 0 32 32
During
supplementation 1 32 0 32 32
2 32 32 32 32
3 - 32 32 32
After
supplementation 1 — 30 32 32
2 32 0 32 32
III* Before
supplementation 1 32 0 32 32
2 32 0 32 32
During
supplementation 1 32 0 32 32
2 32 32 32 32
3 - 32 32 32
After
supplementation 1 - 0 32 32
2 32 0 32 32
* Type 
Type Type
I sorting alternately
II sorting according
III sorting according
into two 
to colour 
to suit
piles
(black or red)
TABLE 2.6
Effect of nutritional supplementation on the ability to 
classify the environment
Values are individual observations on eight subjects 
at Hydestile
MD LF HM ES OS GT MW WW k :k
Score
During
supplementation
After
supplementation
1
2
0
59
45
48
Duration (minutes) 
During
supplementation
2 20
3 19
After
supplementation
1 14
2 18
22 57 69 49 ' 57
53 56 69 54 63
47 63 71 56 61
48 62 71 56 63
10
9
9 10
4 9
* This subject was unable to score any points. A maximum 
period of twenty minutes was given on each occasion
** This subject was an illiterate and though the test was 
explained to him on each occasion and the cards read out 
to him he was unable to make any decisions and hence scored 
no points
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concentration of ascorbic acid in the plasma showed similar 
statistically significant changes. The mean concentration 
of a.scorbic acid in the 'buffy coat1 rose during supplementation 
but the change was not statistically significant. However, 
the mean value fell when the supplement was stopped and this 
change was highly significant (P < 0 .001).
The results for the individual subjects (Appendix, Table A. 4)
show that four of the eight subjects studied at Hydestile
Hospital had one or both of the plasma levels measured during
the initial period below the accepted 'normal1 lower limit
of 0.4 yg per 100 ml. In these subjects the low plasma
levels were associated with one or both ‘buffy coat' levels
8below the accepted lower limit of 25 yg per 10 cells.
The effect of the supplement on the transketolase 
activity and on the thiamin \ pyrophosphate effect (TPP%) 
is shown in Table 2.8. The TPP values are generally 
considered to be the most reliable index of thiamin status.
The mean values for this measurement were above the normal 
level of 25% suggested by Brin on both occasions before 
the supplement was given. A wide range of individual 
measurements at this stage was noted with very high values 
of 110 and 264 being recorded in two patients. At this 
stage eight of the twelve patients had TPP values on one 
or both occasions that were above the upper limit of normal 
(Appendix, Table A.5). The mean TPP value had fallen 
significantly (P < 0.025) by the end of the third month on 
the supplement. Furthermore, a significant (P < 0.05) 
rise in the TPP value occurred within one month of stopping 
the supplement.
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The patient who showed the high value after two weeks 
of stopping the supplement was of interest because the rise 
was associated with a change in his clinical condition.
This patient (B.Mc) had had a value of zero for the TPP effect 
on the five previous occasions on which it was measured.
However, at the end of the period on the supplement he was 
transferred to a home but resented leaving the hospital 
and his friend. As a protest against his transferral he 
refused to eat, became depressed and attempted to commit 
suicide. On admission to U.C.H. he was found to be anuric.
On feeding, his TPP value fell to 31%. If this patients' 
high value of 166% is omitted from the mean, the value for 
the remaining eleven patients was 16%. This does not change 
the conclusion that there was a rise in the TPP effect when 
the supplement was stopped.
The mean values for the concentration of folic acid in 
the serum and red cells are shown in Table 2.9 with the 
individual ranges. One subject (C.R.), had a serum value 
below the accepted normal range of 4 - 20 ng per ml during 
the preliminary period, (Appendix, .Table A.6). The same 
subject also had haemoglobin levels below 12 g per 100 ml 
blood during this period. (Appendix, Table A.9). However, 
all the values showed a tendency to rise during supplementation. 
Five of them had serum values of 20 ng per ml or over during 
the period of supplementation and this rise was statistically 
significant (P < 0.001).
None of the subjects had^red cell folate concentration 
below the normal limits of 150 ng per ml during the preliminary 
period. Four subjects had red cell folate values of or above
- 5 6 -
650 ng per ml during the supplementation period. However, 
the rise during this period did not reach statistical 
significance. After the supplement was stopped there was 
a significant (P < 0.025) fall in the serum folate levels, 
whereas high levels of folate persisted in the red cells and 
in fact the difference four weeks after stopping the supplement 
as compared with the preliminary value was significant (P < 0.025).
No hypersegmentation of the leucocytes was seen in any of the
blood films, but in some of the subjects the M.C.V. values 
tended to be high.
The mean value for the plasma concentration of 25-Hydroxy- 
cholecalciferol (25-HCC) are shown in Table 2.10. One subject 
(G.T.) had a level below 4 ng per ml during the preliminary 
period (Appendix, Table A.7). The mean value= in healthy 
British subjects has been reported as 11.7 ng per ml (Preece
et al., 1974). With the exception of one subject (C.R.),
there was a rise (P < 0.01) in plasma 25-HCC after three 
months dietary supplementation. The subject whose plasma 
level did not rise had had a resection of the gut. There 
was a significant fall in the mean concentration of 25-HCC 
one month after the supplement was stopped.
Table 2.11 shows the individual values for urinary 
glucaric acid excretion. The normal level reported in 
healthy adults by this method was 21.1 - 56.9 ym per 24 hours 
for men and 8.4 - 27.6 yim per 2 4 hours for women. The 
excretion of this compound is influenced by drug administration 
and this probably accounts for their considerable variability.
It is therefore very difficult to interpret these results.
TABLE 2.10
Effects of a nutritional supplement on plasma 25-Hydroxy- 
cholecaiciferol (25-HCC) ng/ml
Values are mean for twelve subjects, 2 weeks before 
supplementation, after 3 months supplementation
and 4 weeks after withdrawal of supplementt with the
range of individual observations ( )
25-HCC ng/ml Before During After
supplementation supplementation supplementation
* ** 12 17 13
±4 - 19) (9 - 24) (4 - 16)
k Rise during supplementation statistically significant
(P < 0.01)
*  kFall after supplement .was stopped, statistically significant
(P < 0.001)
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The mean values for haematological measurements are 
shown in Table 2.12. During the preliminary period of 
observation the haemoglobin values ranged from 10.4 to 
15.1 g per 100 ml blood. There were no regular changes 
in the haemoglobin concentration when the supplement was 
given. One particular subject (M.D.) had a low haemoglobin 
throughout, which was associated with a low red cell count.
This patient received intramuscular iron therapy. The red 
cell values of the other subjects were mostly within normal 
limits and did not change with the supplement. There were 
no changes in the white cell counts which could be attributed 
to the supplement.
The initial values for the subjects who for various 
reasons did not complete the study are reported in Table 2.13. 
Three of the subjects who had high levels of ascorbic acid 
in the plasma had been on ascorbic acid supplement. The rest 
of the subjects had levels within the normal accepted value--s.
Thiamin status was measured by the red cell, transketolase 
activity. Three of the subjects were found to have high 
TPP effect values, and thus had biochemical evidence of thiamin 
deficiency.
Red cell and serum folate values are also reported with 
two subjects having values below the normal accepted limit of 
4 ng per ml serum. In one of three subjects the low value 
could be attributed to drug therapy CTt ).
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D I S C U S S I O N
Food policies during and since the second world war 
seemed to have eliminated frank, subnutrition in the United 
Kingdom. However the elderly population make greater demands 
on health and social services than any other age group (Royal 
College of Physicians of London, 1977). This is due to the 
complex multiple disabilities and socio-medical problems that 
are found in this age group. The studies of Exton-Smith 
and Stanton (1965) and Stanton and Exton-Smith (1970) have 
clearly shown that the problem of the nutrition of the elderly 
is complicated by non-nutritional factors. The rising 
incidence of physical and mental disabilities such as dementia, 
plays an important role in inducing nutritional deficiencies.
The question that we attempted to answer in this work was whether 
individuals at risk of malnutrition would benefit from a 
nutritional supplement.
The choice of subjects for the study presented problems. 
Although criteria for the inclusion of patients were carefully 
considered and agreed before their selection, it proved 
extremely difficult for various reasons to fulfil these essential 
criteria. Quite apart from the subjects themselves, interference 
by hospital medical staff proved a problem in spite of initial 
assurances to the contrary. As a result of the many unforeseen 
problems and difficulties encountered it was possible to 
complete the study in a total of only twelve subjects.
Since there are indications that elderly vulnerable 
subjects are liable to be at risk of developing multiple 
nutritional deficiencies, it was decided that the supplement
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should be in the form of a food drink rather than tablets.
This makes it impossible to carry out a double-blind trial 
because it is not possible to manufacture an acceptable 
placebo without any food value. It was therefore decided 
that the study should be a longitudinal one with the subjects 
acting as their own controls.
The application of the tests of physiological and mental 
function also proved a problem. As will be evident when the 
results of the individual tests are discussed below, their 
reliability was affected by a number of environmental factors 
that were often very difficult to control. Day to day 
variations in the subjects' mood and general condition also 
presented a problem. One criteria of the choice of patients 
was that communication would be possible. In practice this 
proved difficult with some patients.
No problems were found in the administration of the 
supplement. All the subjects liked it and a number wished 
that they could have continued to receive it. This response 
alone presents difficulties in the interpretation of the 
results of mental function, if not also of physiological function, 
because the patients may well have considered that they were 
receiving special treatment which was then stopped.
1. Physiological assessment
Maximum grip strength decreases with age after about 
25-30 years (Fisher and Birren, 1947). This decline has 
been attributed (Judge, 1972) to lack of potassium. A controlled 
trial in the elderly by Burr, Westlake and Leger (1975) failed
to confirm this. However, in this trial a potassium 
supplement was given for only two weeks. Our findings have 
suggested that those who did not have any physical ailment 
such as arthritis, benefited from the food supplement. This 
was. especially so in those subjects who were weak at the 
beginning. These subjects, namely JT, MP, LF, GT and WW, 
could be classed as slightly malnourished. It is interesting 
to note that, these same subjects were not mentally bright and 
could be classed as slightly demented. It is possible that 
these subjects did not consume enough food of the right kind 
to provide all the necessary nutrients. This could arise 
simply from poor appetite, inability to consume the food 
offered, or it could have been the result of life-long food 
habits. The improvement in grip strength was most noticeable 
in WW who could not grip during phase one of the study, started 
to grip after a month on the supplement, and continued to improve 
progressively during the next two months on the supplement.
This patient unfortunately died of cardiac failure about a 
month after the study was completed.
Another patient, MD, had been very ill during the course 
of the study, and was also arthritic. HM and ES were also 
arthritic and did not show any improvement in grip strength.
The rest of the subjects appeared to be well nourished and 
mentally alert and their grip strength did not change during 
supplementation. Hence it could be said that they did not 
respond to the supplement. The patient CR,was an exception for 
there was a sharp fall in his grip strength from the baseline 
levels a month after being on the supplement. This change 
could be attributed to the fact that the patient was tired as
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the result of having been included in a tranquilliser trial.
Depression has also been associated with low potassium 
intake (Davies et al., 1973). We did not measure blood 
potassium levels and therefore do not know if the slightly 
demented patients were potassium deficient. However, their 
improvement in mental alertness associated with improvement 
in muscular strength is suggestive of an effect of potassium.
The ability of the eye to adapt quickly to reduced light 
intensity was measured as a crude assessment of vitamin A 
status because a slight delay in the dark adaptation of the 
eye, often not apparent to the individual, generally appears 
before any other signs or symptoms of a deficiency of vitamin A 
A measurement of the rapidity of dark adaptation has therefore 
been used extensively in unmasking mild vitamin A deficiencies 
(Wald 1954; Heron and Chown, 1967). Owing to the large 
stores of vitamin A, mainly in the liver, the level in the 
blood does not fall until body reserves are depleted (Hume and 
Krebs, 1949) unless there is a lack of the retinol-binding 
protein required to transport the vitamin. Our results did 
not show any variation in dark adaptation throughout the whole 
study. This suggests that their vitamin A status was adequate
2. Mental assessment
Six different tests of mental assessment were carried out 
during different stages of the study. Digit coding and single 
reaction time were used throughout the whole study. Three 
of the tests were discarded for the following reasons:- 
Card sorting, because there was no gradation in the results
i.e. the subjects could score either maximum points or none;
Picture matching, because of computer breakdown and the fact 
that the instrument was located at U.C.H*,’ Choice reaction 
time, because it was found to be beyond the ability of most 
of the subjects. A test based on classification of the 
environment was introduced and also testing sustained perception. 
The latter, however was found to be beyond the capability of 
the age group studied. Three of the tests used, digit coding, 
single reaction time and classification of the environment, 
were found to be affected by tiredness, bereavement and 
excitement. MP did well and scored 12 points while coding 
digits for the first time but lost interest after that, as 
she could not see the reason for repetition and scored 
zero when her friend in the next bed died.
ES and MW were the two subjects who were mentally alert 
among those from Hydestile Hospital, and they both admitted 
memorising the codes for the classification of the environment, 
and hence scored more points in less minutes as the study 
progressed, showing a learning effect.
No attempt was made to interpret these results because 
of the numerous variables.
3. Biochemical assessment
The concentration of ascorbic acid in leucocytes or 
"buffy coat* has been accepted as a sensitive index of vitamin 
C status (Denson and Bowers, 1961). Of the subjects at 
Hydestile Hospital 50% had "buffy coat’ levels below the
gacceptable limit of normal of 25 yg/lO cells during the 
preliminary period, and two of them also had zero plasma 
levels during the same period. These observations are in
agreement with the findings of previous workers .■ (Kataria 
et al., 1965; Griffiths, 1968; Milne et al., 1971;
Morgan et. al. , 19 75) , that a proportion of the elderly have 
biochemical evidence of ascorbic acid deficiency. The levels 
in all the subjects rose after one month's supplementation, 
continued to progress for the next two months and fell after 
the supplement was withdrawn. The levels at the end of the 
post-supplementation period were in fact, almost the same as 
those during the pre-supplementation period. Griffith (1968) 
also reported a reversion of ascorbic acid levels on stopping 
a vitamin supplement. There were, however, no clinical signs 
of scurvy in either study.
Thiamin status as indicated by the red cell transketolase 
activity was measured. It is possible that the activity of 
this enzyme is depressed by metabolic conditions, other than 
thiamin deficiency. However, the T.P.P. effect is specific 
and a significant elevation of this reflects thiamin deficiency 
at cellular level,- hence the relation of the stimulatory effect 
of thiamin pyrophosphate to the degree of thiamin deficiency 
(Brin, 1962). The classification adopted for the
interpretation of our results was that of Brin et al. (1962) 
which stated that a percentage T.P.P. effect of 0 - 15 is 
normal, 15 - 24 is marginally deficient and more than 24 is 
severely deficient. Using this classification, three subjects 
were normal, one was marginally deficient and eight were 
severely deficient during phase one of the study. Four of 
the subjects at U.C.H. who did not complete the study also 
had higher than normal T.P.P. values. This is the most common 
deficiency encountered in this study and could account for 
the confusion found in the group as a whole. Little is
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known about blood thiamin levels in confusional states.
Kershaw (1967) investigated demented elderly patients and 
drew a negative conclusion with thiamin and nicotinic acid.
We had the opportunity to study the thiamin status in 
a few patients with infection (pneumonia) who developed an 
acute confusional state. The results w&re as follows:-
Percentage T.P.P. effect
Subjects Day 1 Day 3 Day 7
GH 41 1 0
McA 57 10 0
CO 80 12 Sample lost
Day 1 was the day of admission and it can be seen that the 
percentage T.P.P. effect was high in all three patients 
indicating a thiamin deficiency. By the third day when the 
infection was under control, the T.P.P. effect had fallen 
and by day 7 their thiamin status was normal without any 
supplementation. These results are in accordance with some 
preliminary observations made by Exton-Smith (personal 
communication) and would seem to indicate that thiamin may 
be used more rapidly by the tissue during a fever, possibly 
thus depriving the brain of an adequate supply and causing 
confusion.
Many workers (Kataria et al., 1965; Read et al., 1965; 
Batata et al., 1967; Herbert, 1967; Girdwood, 1968) have 
reported low serum folate levels in a proportion of elderly 
people, although megaloblastic anaemia due to nutritional 
deficiency was uncommon. However, cases of dementia due to 
folic acid deficiency have been reported (Strachan and Henderson,
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1967; Sneath et ad., 1973). Folic acid deficiency was not 
common in our subjects although their red cell and serum 
levels improved on supplementation. The levels in the serum 
rising more quickly than those in the red cells. MD, who 
had intra-muscular iron therapy was the only subject with 
some degree of anaemia. However, judging from the number 
that improved in mental alertness during supplementation, 
our findings are in agreement with that of Sneath et al.(1973).
The concentration of 25-hydroxycholecalciferol in the 
plasma is now accepted as a reliable index of vitamin D status. 
The levels in all the subjects except one rose during the 
period of supplementation and fell when the supplement was 
stopped. Only one patient had a pre-supplementation level 
below the lower limit of normal for the method, namely 6 ng/ml. 
The patient whose plasma level did not respond to the supplement 
CR, had had a resection of the colon for carcinoma and it 
may therefore be that the failure to respond to the supplement 
was due to some measure of malabsorption.
We attempted to find whether the activity of microsomal 
drug-metabolizing enzymes was induced by the supplement by 
measuring the glucaric acid excretion. Since, however, all 
the subjects have been on various drug therapy during the 
study, it is impossible to draw any conclusions from our results
CONCLUSIONS
On the basis of this study it seems that biochemical 
indices of change in nutritional status are the easiest to
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measure and these all, with the exception of glucaric acid, 
responded in the expected directions to the administration of 
the food supplement. .The commonest deficiency identified
biochemically in the patients was that of thiamin, and there 
were suggestions that this could have been associated with 
mental confusion. The effect of the supplement on the 
mental functions was extremely difficult to assess because 
of the many factors that affect the measurements. The 
measurement of grip strength did provide evidence of a 
physiological response in some patients. We conclude that a 
food supplement of the type used in this study could be 
valuable in those elderly subjects at risk of malnutrition.
CHAPTER THREE
STUDIES ON THE EFFECTS OF A NUTRITIONAL 
SUPPLEMENT IN PATIENTS WITH FRACTURE
INTRODUCTION
In all individuals beyond a certain age there is a 
degree of bone loss and,this in the past has been regarded 
as post-menopausal loss and hence attention was directed 
to women after 60 years. Trotter and Peterson (1955) 
suggested an onset of bone loss earlier than that but could 
not be specific as the bones they examined were limited in 
number. However, Garn (1970) in his Ten-State Nutrition 
Survey found that it was probably at about 40 years. The 
adult skeleton is not static, but serves as a store of mineral 
from which withdrawals take place during periods of diminished 
dietary intake and are replaced when supplies are available. 
However, as bone mass is reduced relative to bone volume, 
mechanical strength is diminished. As a result, the vertebrae 
become less resistant to compression, and the tubular bones 
and the femoral neck become less resistant to bending stress 
(Garn, 1975).
This bone loss from the skeleton that occurs with 
advancing age has been a great concern to geriatricians as 
well as nutritionists. Associated with it is loss of muscle 
mass leading to the progressive decline in grip strength 
with age (Miles, 1950). Sheldon (1960) suggested that this 
fall in grip strength was one of the causes of fractures in 
the elderly.
The incidence of falls increases with age due to the 
multiple pathological conditions found in these individuals; 
these include neurological changes due to loss of brain cells
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and fibres as well as atherosclerosis of the blood vessels 
of the brain. These changes lead to gradual memory failure 
and lack of orientation. These changes are particularly 
dangerous and are often•accompanied by failing vision. When
stairs have to be negotiated falls can easily occur.
There is also the added risk of tripping over things. Balance 
disturbances are also common and could be due to degenerative 
changes in the neuronal elements of the inner ear, as deafness 
is common in the elderly.
The heart as a pump is less effective and there is a 
great reduction in cardiac output after 65 years (Harris, 1975). 
This is often accompanied by atherosclerosis.
Stress, especially infection and physical and surgical 
trauma initiate a series of metabolic and endocrine changes.
These changes involve the breakdown of body protein and 
excretion of nitrogen in the urine (Cuthbertson, 1930;1971).
Glucose tolerance is decreased and glycosuria is common with 
high blood glucose. The body retains fluid with sodium and 
chloride and potassium is excreted in excess. The metabolic fate 
is increased and all the major endocrine glands respond immediately 
with an increased secretion of hormones. The extent and 
duration of these depend on the severity of the trauma and 
the nutritional status of the individual previously to the 
trauma. These changes were originally described by Cuthbertson 
in young men who had fractures.
As reviewed in our previous study, a number of elderly 
patients show evidence of nutritional deficiency when admitted 
to hospital, and hence malnutrition may play a part in the high
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morbidity and mortality rates found in them.
With these in mind, a pilot study of elderly patients 
who have undergone surgery for repair of femoral fractures 
was done, using the same supplement as in the previous study. 
The assessment of response to a food supplement after surgery 
and trauma presented a problem in the determination of 
progress. It was impossible to use X-rays to show the 
progressive radiological changes in the bone as it is well 
known that these are imprecise. After several consultations 
with surgeons, it was decided to use biochemical indices to 
assess progress.
It was intended that this study should be a double- 
blind longitudinal one, with three different groups of 
subjects, classed as A, B and C. Those in group A were to 
receive a food supplement, a malted milk drink without added 
vitamins, those in group B, a food supplement with added 
vitamins and minerals and those in group C were not to receive 
any supplement, and to act as controls for the other groups.
We obtained nine female patients whose ages ranged from 
73 to 98 years. These were all routine admissions and were 
randomly selected by the surgeon and allocated to groups 'A',
'B' or !C ’. We also included one man aged 73 years.
We also included two young men aged 17 and 20 years 
respectively, who were admitted for multiple fractures sustained 
in road accidents.
This study was conducted at the Royal Surrey County 
Hospital, Guildford.
Since many elderly women become confused after injury 
or operation, opportunity was taken to investigate the thiamin 
status of the patients following operation to find if the 
confusion was associated with evidence of thiamin deficiency. 
Plasma ascorbic acid levels were also studied. Both these 
studies were done in blood samples drawn daily for the first 
five days and then at intervals following this. This part 
of the investigation was done by Alison Crossley and Ann 
Jennings respectively.
MATERIALS AND METHODS
1. The supplement
The supplement for patients in group 1B 1 was the same 
as that used for the elderly subjects described in chapter 2.
The supplement for patients in group 'A' was identical in
composition except that it did not contain the added vitamins
and minerals. The supplements were administered in the same 
quantities and manner as described in chapter 2.
2. Sample collection
After fasting overnight, venous blood was collected
and distributed in appropriate bottles for the following
determination:- Haematology
Serum calcium 
Serum phosphate 
Alkaline phosphatase 
Urea
Plasma 25~Hydroxycholecalciferol
Whole blood and plasma ascorbic acid
Transketolase determination for assessment 
of thiamin status
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TABLE 3 . 1
Patients with fractures
Subject Group Age Condition Cause
number
1 A 73 Fracture of left 
femur
Fell at home
2 A 87 Fracture of neck 
of left femur
Fell at home due 
to poor vision
3 A 98 Fracture of neck 
of left femur
Fell in nursing 
home
4 B 73 Fracture of neck 
of left femur
Fell at home
5 B 90 Fracture of right 
femur
Fell from chair 
in nursing home
6 B 83 Fracture of neck 
of right femur
Fell in her 
garden
7 B 88 Fracture of neck 
of right femur
Fell in nursing 
home
8 C 89 Fracture of neck 
of right femur
Fell in hospital 
ward
9 C 78 Fracture of neck 
of right femur
Fell at home due 
to poor vision
10 C 89 Fractured hip Fell at home
X B 20 Fracture of right 
tibia and fibula
Road accident
y C 17 Fracture of tibia and fibula
Motor cycle • 
accident
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24-hour urine samples were also collected where possible 
and the following estimations made:-
Total nitrogen excretion 
Calcium excretion 
Hydroxyproline excretion 
Ascorbic acid excretion
(a) Urinary total nitrogen excretion
Total nitrogen excretion was estimated by micro-kjeldahl 
distillation (Varley, 1967).
Procedure:-
Aliquots of 24-hour urine samples were stored at -20° C 
until assayed. 0.2 mis of urine was digested with h tablet 
of selenium dioxide catalyst, plus 4 cc of concentrated 
sulphuric acid. The digest was cooled and made up to 25 mis 
in a volumetric flask. 5 mis of this mixture was distilled 
with 10 mis of 40% sodium hydroxide solution and the ammonia 
collected into a flask containing 10 mis of 2% boric acid 
solution plus methyl red indicator. The steam was passed 
for 10 minutes, and was titrated with N/70 sulphuric acid.
A standard of copper sulphate was also carried through the 
procedure.
Calculation:-
1 cc diluted sulphuric acid was equivalent to. 0.18 mg 
nitrogen.
a = mis diluted acid
5 mis mixture used
0.2 mis urine x 5 = 1 ml
a x (0.18 x 5 x 5) = mg nitrogen/ml urine
(b) Urinary calcium excretion
This was done on an atomic adsorption spectrophotometer 
model L 353.
Wavelength 422.7 
Slit width 320 
P.M. voltage 530 
Lamp current 7
Reagents:-
Lanthanum chloride solution 0.1% w/v (BDH).
Calcium carbonate:-
Analar grade in IN HC1 (249.72 mg to 100 mis) stock 
standard.
Quality control sera:-
S.N. 2.69 mmoles/L Ca
B.W. 2.95
K1810 2.93
Q x 2 . 0
Procedure:-
Aliquots of 24 hr urine specimens were diluted 1 in 50 
with lanthanum chloride solution. Lanthanum competes with 
calcium for phosphate and dilution with this reagent effectively 
removes interference from phosphate and protein.
A working standard containing the following concentrations 
of calcium was also set up with each run:- 1.5, 2; 2.5; 3;
3.5; 5 mmoles per litre as well as the quality control sera.
The base line on the recorder was set with the lowest 
standard then all standards, controls and tests were run by 
aspiration. The 2.0 mmoles/L standard was run at every 5 tests 
to correct drifts and controls and standards checked at the
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(c) Hydroxyproline excretion
A simplified method for the estimation of urinary 
total hydroxyproline (Nobbs, Walker and Davies, 1975) was 
used.
Materials:-
(i) Resin: Ambelite CG-120 type 200 mesh cation exchange
+ +resin, this was converted from the Na to the H form by 
treating with hydrochloric acid.
(ii) Chloramine-T-oxidant 0.7g Chloramine was dissolved in 
35 mis citrate/acetate buffer pH 6.0; 12.65, plus 15 ml 
propan-l~o1.
(iii) Colour reagent: 25 g p-dimethylamino-benzaldehyde 
was dissolved in 50 mis perchloric acid and propan-l-ol 
added to a final volume 500 ml.
(iv) Standard: 500 yg/L hydroxyproline aqueous solution. 
Aliquots of 24 hour urine samples.
All reagents were from BDH.
Procedure:~
250 mg resin were weighed into 10 ml screw-capped sovirel 
tubes and 0.5 ml urine, standards or deionised water added 
to the resin, respectively. The resin was washed by adding 
9 mis deionised water and centrifuged for 5 minutes, the 
supernatant was decanted and the tubes were capped and pressure- 
cooked for 4 hours.
These were cooled and one drop of phenol-phthalein 
indicator added to each tube and the hydroxyproline was eluted 
off under mildly alkaline conditions and the volume made up to
end of each run.
2.5 mis then centrifuged. 0.5 ml of the supernatant 
were placed in clean test tubes, plus 1 ml of propan-l-ol 
and 0.5 ml of fresh chloramine-T-oxidant was added and after 
5 minutes, 5 mis of colour reagent was added to each tube.
The tubes were well mixed and incubated at 60° C for 30 
minutes, and then cooled to room temperature. The samples 
were then read against a water blank at 560 nm on an 
SP 500 spectrophotometer.
A range of standards 0, 5, 10, 15 and 20 yg/litre 
were also set up with each assay.
The methods for plasma 25-Hydroxycholecalciferol, plasma 
ascorbic acid and red cell transketolase levels are described 
in chapter two.
RESULTS
Table 3.2 shows that the volume of urine excreted per 
24 hours by nine out of the ten elderly patients on the 
third day following surgery was less than one litre, whereas 
the volume excreted by the two young men averaged two litres. 
The two young men continued to excrete a similar volume 
during days 4 to 7 following surgery, the volume then falling 
during days 8 to 14. In the elderly patients there was 
no general pattern of change and the volume excreted after 
the third day rose in some patients and fell in others.
The amount of nitrogen excreted per 24 hours (Table 3.3) 
varied widely on the third day after operation. In some 
of the elderly patients (Numbers 5, 6 and 7) the large amounts 
of nitrogen excreted were in fact due to the higher volumes
TABLE 3.2
Volume of urine (1) excreted per 24 hours by patients 
after surgery for repair of fractures
Subject number 
and group
Days 3 4-7 00 I H 15-25
Elderly patients
3. A 0. 400 0.555 0.250 1.920
2 A 0.288 1.965 0.500 0.980
* 3 A
4 B 0.425 - 2.055 1.130
5 B 0.926 Died
6 B 0. 9 60 0. 500 1.235
7 B 0.915 0.780 0.595
8 C 0.930 - - 0.585
9 C 1. 850 2 .110 0.700
10 c 0. 680
Young men
X B 2.325 2. 835 1.465
Y C 1. 850 2.110 0.700
No urine was collected
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TABLE 3.3
Nitrogen excreted (g per 24 hours) by patients after surgery
for repair of fracture
Subject: number Days 3 4-7 8-14 15-25
and group
Elderly patients
1 A 8.6 8.5 2.5 17.7
2 A 3.7 12.4 3.0 4 .0
4 B 1.1 - 8.3 5.5
5 B 22.0 Died
6 B 18.8 8.6 10. 3
7 B 17.3 12.1 4.4
8 C 7.8 - - 2.9
9 C 2.4 7.9 3.7
10 C 6.3
Young men
X B 16.7 12.7 10. 3
y C 1.1 8.3 5.5
of urine, but this was not the only contributing factor 
because patient 8 excreted a similar volume of urine and 
patient 9 almost twice the volume but much less nitrogen.
The high excretion in patients 5, 6 and 7 could be attributed 
to the fact that they, were receiving the complete supplement 
whereas patients 8 and 9 were controls. The two patients 
in group A excreted less nitrogen than the three patients 
mentioned in group B. This lower excretion of nitrogen, 
particularly that of patient 1, could be explained by the 
low urine volume. The young man who received the supplement 
excreted much more nitrogen than the one who did not receive 
the supplement.
Patient 5 died on the fourth day following surgery.
The amount of nitrogen excreted by the other elderly 
patients after day 3 showed no obvious correlation with 
supplementation. The young man who received the supplement 
continued to excrete more nitrogen than the one who did not. 
The amount of nitrogen excreted by patient 1 rose sharply 
during the period 15 to 25 days following surgery. This 
coincided with a diuresis following a period of oliguria.
Table 3.4 sets out the amounts of calcium excreted 
per 24 hours. On the third day following surgery, the 
four patients in group B excreted less calcium than the two 
patients in group A and also less than two of the three 
patients in group C. Patient 6 continued to excrete 
smaller amounts of calcium up to day 14 than patients 1, 2 
and 9, and patient 7 excreted less calcium than patient 2.
Table 3.5 shows the amounts of hydroxyproline excreted
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TABLE 3. 4
Calcium excreted (irnnol per 2 4 hours) by patients 
after surgery for repair of fractures
Subject number 
and group
Days 3 4-7 8-14 15-25
Elderly patients 
1 A 0.90 0.33 0.38 0.96
2 A 0. 48 3. 60 0.63 * 0.88
4 B 0. 38 ~ 1.34 2.09
5 B 0.18 Died
6 B 0.14 0.08 0.37
7 B 0.37 0. 55 0.15
8 C 0.47 - - 2.46
9 C 0.13 0.34 0.76
10 C 0.65
Young men
x B 8.37 2.41 2.47
*
y C 2.68 4.43 8. 40
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TABLE 3. 5
Hydroxyproline excretion (mmol per 24 hours) by patients 
after surgery for repair of fractures
Subject number 
and group
Days 3 4-7 8-14 15-25
Elderly patients
1 A 0.18 0.22 0.08 0.40
2 A 0.06 0.32 0.10 0 . 20
4 B 0.14 - 0.33 0.23
5 B 0.28 Died
6 B 0. 36 0.35 0.18
7 B 0.15 0.22 0.17
8 C 0.15 ~ - 0.19
9 C 0.10 0.17 0.35
10 C 0. 77
Young men
X B 0.53 0.38 0.33
y A 1.09 1.52 0.62
- 8 6 -
per 24 hours by the patients. Ideally this determination 
should have been carried out on urine collected after the 
patients had received a gelatin-free diet for at least 
24 hours. For various'reasons it was not possible to have 
these patients on such a diet. However, apart from the 
supplements received as part of the study all the elderly 
patients, and both the young men, were receiving similar 
amounts of gelatin in their diets. Up to the seventh 
day, the one control patient (9) excreted less hydroxyproline 
than the patients in the other two groups. In groups A and 
B the excretion of hydroxyproline tended to fall after the 
seventh day whereas in the control patient it rose. Of the 
young men, patient y excreted higher amounts of hydroxyproline 
than x during each period.
Two of the patients (Numbers 5 and 7) had low plasma 
concentrations and one patient (Number 4) had a high plasma 
concentration of 25 HCC before operation (Table 3.6). With 
the exception of patient 3, the plasma concentration of
25-HCC remained at about the pre-operative value during the 
post-operative period. In patient 3 the concentration 
almost trebled during the post-operative period and this 
might be explained by the fact that during this period she 
was receiving drinks of Ovaltine and little solid food.
The post-operative 25 HCC concentrations in the young man 
who received the supplement were higher than in the one 
who did not receive a supplement.
Tables 3.7 and 3.8 show the concentration of ascorbic 
acid in the plasma and whole blood respectively of patients 
with fractures in the three treatment groups. The values
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TABLE 3. 6
Mean plasma 25-Hydroxycholecalciferol concentrations 
(ng per ml) in patients before and after surgery for 
repair of fractures.
The post-operative values are means for the individual 
values shown in parenthesis which were measured on the 
days indicated by the suffix.
Subject number 
and group
Pre-operation Post-operation • 
Days 1-21
Elderly patients
1 A 17. 3 10 (78; 1321)
2 A - 21.6 (414? 12.5-^; 11-518)
3 A 16.3 43 (436 ; 438)
4 B 38 13.5 (13.55; 13.512)
5 B 3 3.8 (1.52 ; 66)
6 B 12.3 16.8 (18lQ; 15.521)
7 B 2.5 3.3 (3.256; 3.315)
8 C - 18.6 (6.281; 89; 41.514)
9 C - 10.8 (11.754 ; 912; 11.518)
10 C 11. 8 10.3 (11.54; 96)
Young men
X B - 22.6 (23.54; 21.75?)
Y C 13 17.4 (16.255; 18.512)
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in whole blood were generally higher than those in the 
plasma but showed the same trends as the plasma values in 
individual patients. Neither of the two patients in 
Group A showed a rise- in the concentration of ascorbic acid 
in the plasma during the first seven days following 
surgery. The pre-operative value in patient 2 was less 
than 0.2 mg per 100 ml plasma and remained at this value 
during the seven days. The ascorbic acid concentration in 
the plasma of one patient in Group 3, those patients receiving 
the full supplement, fell after surgery and that of another 
patient who died on day 4 remained below 0.2 mg per 100 ml 
plasma throughout. The value in a third patient (7) fell 
after surgery but rose again by day 5. The value in the 
remaining patient in this group (No.6) was below 0.2 mg per 
100 ml both before and for the first two days following 
surgery but rose on the third day and showed a sharp rise on 
day 5 which appeared to be maintained. The values for 
whole blood in this patient showed a similar trend. Of 
the two patients in Group C, one (No.8) had a high plasma 
concentration which did not change appreciably during the 
study period. The other patient, however, had a value of 
less than 0.2 mg per 100 ml up to day 7 after operation.
Of the two young men studied the one in Group B receiving 
the supplement had values which remained high over the 
three days of observation. This patient had an operation 
whereas the patient in Group C who did not receive a 
supplement was not operated on but put on traction for his 
fracture. The plasma ascorbic acid concentration in this 
patient remained low through into the second week following 
injury.
The thiamin status, as indicated by the thiamin 
pyrophosphate effect (% TPP effect) was measured in five 
elderly patients (Table 3.9). High TPP values, that are 
evidence of thiamin deficiency, were found in each of the 
patients in whom it was measured prior to operation. The 
patient in Group A and the two patients in Group C had
high TPP values at the end of the first week after operation.
The patient in Group B who survived to day 7 had a value
which was normal. In this patient the TPP value had come
down to the normal range on day 3.
The individual values of total serum protein are 
shown in Table 3.10., All the values were within the normal 
range of 64-84 g per litre. The values for serum albumin 
are also shown in Table 3.10. The values in two of the 
patients (No. 3 and 7) fell post-operatively and one of 
these patients (No.3) died about two weeks after the operation.
Serum calcium levels are shown in Table 3.11 and were 
all within the accepted levels of normal of 2.1-2.6 mmol, 
per litre. The accepted normal range for alkaline 
phosphatase is 80-300 I.U. per litre. The results of this 
determination are also shown in Table 3.11. Subject 1^ had 
higher levels than the other patients and his values rose from 
day 8 onwards. Subjects 7, 9 and y also had slightly higher 
than normal levels at some stage in the study.
The haematological values are shown in Table 3.12.
The range of haemoglobin values was 8.5-14.3 g per 100 ml.
There was a tendency for the p.c.v. (packed cell volume) 
to fall post-operatively. In patient 5 the values reached
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patients with fractures
Values are expressed as g/litre
TABLE 3.10
Days after operation
Subject Before 1 2-3 4-7 ri i—I 1CO 15-3C
Total protein Elderly patients
Group A
1 74 77 68 75.5 75.5
2 - 65 - 65 68.5
3 61 62 63 58
Group B
4 ~ 66 61 67 *
7 76 - 63. 5 66
Group C
9 68 64 63 ~ 66
Young men
Group B
X - 68 - 63
Group C
y 66 71 72 73
Albumin
Elderly patients
Group A
1 44 43 41 43 37.5
2 42 - - 41 43
3 37.5 36 34
Group B
4 - 42 39 - 38
7 41 41 37 34
Group C
9 42 40 44 39 37.5
10 - - 41
Young men
Group B
X - 45 - 43
Group C
y 46 - 48.5 48
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TABLE 3.11
serum of patients with fractures
- Days nnprafinnr ....  f
Subject Before 1 2-3 4-7 8-14 15-30
Calcium mmol per litre
Elderly patients
Group A
1 2.46 2.38 2.47 2.55 2 .60
2 - 2.31 - 2. 32 2.40
3 2.33 2.36 2.30
Group B
4 - 2.35 2.31 2.20 2.40
7 2.28 - 2.18 - 2.22
Group C
9 2.34 2.26 2.35 2 .32 2.32
10
Young men
2.17
Group B
X ~ 2.29 - 2.34
Group C
y 2. 45 — 2. 47 2.50
Alkaline phosphatase I.U.
Elderly patients
Group A
1 265 269 353 548 1104
2 146 - - 158 352
3 162 190 187
Group B
4 - 157 137 113 258
7 415 - 323 - 364
Group C
9 227 200 235 308 351
10 ~ ~ 221
Young men
Group B
X - 231 - 194
Group C
y 436 ~ 325 413
TABLE 3.12(a)
Haematological measurements•in elderly patients with fractures
I--------  Days after operation  —
Subj ect Before 1 2-3 4-7 8-14 15-30
Haemoglobin G/100 ml
Group A
1 — 14.3 14 12.3 13 12.3
2 - - - - 8.7 10. 7
3 8.5 - 13. 3 12
Group B
4 - 13.2 12.1 11.3 10.9 11.3
7 - 11.2 - 10.7 - 10.2
Group C
9 - 12.8 13. 3 13.2 12.2 11.6
10 - 11.1 9.3 10
Red cells (x 10Vcmm)
Group A
1 - 4.8 4.65 4.36 4.50 4.12
2 - - - ~ 3.0 . 3.54
3 3.01 - 4.21 3.66
Group B
4 - 4.36 3.99 3. 59 3. 80 3.60
7 - 4.09 - 3.79 - 3.44
Group C
9 - 4.62 4.41 4.64 4.38 4.17
10 - 3.26 3.46 3.4
White cells (x lO'Vcmm)
Group A
1 - 8.7 10.6 15.2 20. 5 18.1
2 - - - - 9.1 6.1
3 13.5 - 12.1 13.5
Group B
4 - 7.0 12.0 9.3 13.1 10.4
7 - 15.1 - 13.6 - 10.3
Group C
9 - 9.8 11 9.3 8.3 8.2
10 - 7. 8 7.35 6.4
PCV %
Group A
1 - 44.1 43.1 38.1 41. 6 37.8
2 - - - - 29.1 33.5
3 26.6 - 37.09 36.6 Died
Group B
4 - 40. 7 37.1 33.7 35. 6
5 - 29.0 25.0 23.5 Died
6 32.5 32.5 31.0 28.0
7 — 37 - 3 5 - 32.1
Group C
9 - 42 .0 40.1 41.7 40.0 38.1
10 - 30.2 31.6
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TABLE 3.12 (b)
Haematological measurements
Subject Before 1
Haemoglobin G/100 ml
Group B
X -
Group C
y 13.3
Red cells (x 10^/cmm)
Group B
X _
Group C
y 4.9
White cells (x lO'Vcmm)
Group B
X -
Group C
y 11.8
PCV %
Group B
X -
Group C
y - 40.6
Days after operation -------—
2-3 4-7 8-14 15-30
13.1 - 10.4
11.58 12.2
4.39 - 3.43
4.38 4.52
7.2 - 9.1
8.75 7.6
40.3 - 31.1
in young men with fractures
36.1 37.6
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23.5% on the fourth day shortly before she died.
DISCUSSION
Urinary nitrogen is influenced by the diet over and above 
the catabolic response to injury and trauma, it is also affected by 
nutritional status of the subject before injury. The amount 
of nitrogen in supplement A and B were the same. Moreover 
the amount of nitrogen in the supplements was not very 
significant, but our results showed that with the exception 
of patient 4, patients in group B excreted higher levels of 
nitrogen than those in groups A and C on the third day after 
surgery. It should also be noted that patient 4 was very 
oliguric during that period (Table 3..3) and this could be 
an indication of acute renal failure, due to trauma or shock. 
Cuthbertson (1930 and 1971) reported that healthy young men 
showed a bigger response than others and it may be that 
patients in group B were in a better condition than those 
in the other two.
Subject x also responded in the same manner as the 
elderly in group B, but it is to be noted that x had an 
operation whereas y was on traction.
Calcium also seemed to have been utilized better by 
group B than the rest (Table 3.4). Patient 6 did, in
fact, excrete the smallest amount of calcium throughout the 
study. It is tempting to suggest that this could be a 
response of the subjects to the added vitamins, especially 
vitamin D. Subject x, however, excreted higher levels of 
calcium initially'and also excreted more nitrogen than subject y.
This could either be his response to trauma or the result 
of ingesting more protein from the hospital diet, as high 
protein intake improves calcium absorption, but the increased 
protein intake also increases urinary calcium loss (Linkswiler, 
Joyce and Anand, 197 4) .
No conclusion can be drawn from our hydroxyproline 
results since the excretion of this amino acid is influenced 
by the amount of collagen in the diet and it was not possible 
to have these patients on a collagen-free diet.
Two of our group of ten elderly patients, subjects 5 and 
7, had very low serum 25-HCC concentration on admission.
This agrees with the previous work of Exton-Smith (1968) 
who commented on the frequency of low vitamin D intakes in 
the elderly. Lonergan et al. (1975) also reported low 
vitamin D intake in their survey in the elderly in Edinburgh. 
These confirm Nordin's (1974) suggestion that age-related 
bone loss, that is osteoporosis and calcium malabsorption, 
may be the first manifestation of vitamin D depletion in 
elderly subjects and that osteomalacia represents a more 
severe degree of depletion. Aaron et aJL. (1974) reported 
a 37% frequency of osteomalacia in elderly patients in 
Leeds with femoral neck fracture. Their conclusion was 
that osteomalacia made an important contribution to the 
steep rise in femoral neck fractures with advancing age, 
and could be attributed to varying degrees of vitamin D 
deficiency. In another paper5 the same authors (Aaron et al.
1974) reported variations in histological osteomalacia in 
femoral neck fractures which followed the seasonal variation 
in serum 25-HCC, This seasonal variation in serum 25-HCC
has been reported by several other workers (Stamp and Round, 
1974; McLaughlin et al., 1974; Schmidt-Gayk et al., 1977; 
Hamilton et al., unpublished). Housebound elderly subjects 
are therefore at risk of osteomalacia and hence of fractures.
The dietary supplement contained an appreciable amount 
of vitamin D but there was no evidence that this had any 
effect in these patients on the serum 25-HCC concentration.
It is likely that this lack of effect is due to the short 
period over which the supplement was given. This conclusion 
is supported by the fact that in the previous study 
described in chapter 2 the serum 25-HCC levels rose in all 
subjects when the supplement was given for three months.
The concentration of ascorbic acid in the plasma in
seven of the elderly patients and the two young men was also 
\
studied in the first week of surgery. Three out of five 
patients in whom it was possible to measure the plasma
vitamin C levels before surgery, had levels below 0.2 mg
per 100 ml plasma. In three of these patients one of 
whom died on day 4, the concentration did not rise until 
after day 7. In another patient, No.6, who received the 
supplement the plasma level rose from day 3 and showed a
big rise between days 4 and 5. Crandon et al. (1958)
demonstrated the effect of surgery on the increased 
utilization of ascorbic acid. High mortality rates in 
elderly patients have also been associated with low blood 
ascorbic acid concentration (Wilson et al., .1972). Recently 
MacLennan and Hamilton (1977) have reported a recovery from 
acute illness which was -.{d .. an increase in leucocyte
ascorbic acid levels. Suvbject 8, although a control, made
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a very good clinical recovery from her fracture. This 
could be attributed to her plasma ascorbic acid concentration 
which was 0.9 - 1.5 mg/100 mis during the study period, thus 
appearing to confirm the work of MacLennan and Hamilton.
It is of interest that this patient had spent some time in 
hospital for treatment of another condition^ and that it is 
possible that her vitamin C stores were built up during that 
period.
Thiamin status as measured by red cell transketolase 
activity in five of the elderly patients showed that four 
of them had a high initial TPP effect and hence biochemical 
indications of thiamin deficiency. The remaining subject 
died. The fact that she showed no deficiency of thiamin 
could perhaps be explained by her' taking more thiamin in 
proportion to other foodstuffs and thus not utilizing it.
A number of workers have reported low thiamin status in 
elderly subjects and these have been discussed in our first 
study (chapter 2). The present investigation of fracture 
patients is in agreement with our first study, in that 
there was a higher incidence of thiamin deficiency in the 
elderly population than had been anticipated from the 
literature. The effect of the supplement in subject 6 
suggests that the previous diet consumed by the patient 
had been deficient.
Serum protein and albumin concentration plus calcium 
and alkaline phosphatase concentration were also measured 
in a few of the patients, but unfortunately this was not 
done systematically. The serum albumin concentration 
decreased post-operatively in two of the patients although
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we did not find low levels in all our elderly patients as 
anticipated from the work of Bock (1948).
Overt anaemia was not prevalent post-operatively although 
the packed cell volume fell in some patients and could 
have been a poor prognostic sign.
CONCLUSION
It was intended that this investigation should have 
run concurrently with the London-Hydestile study in December 
1975. However, for several reasons beyond our control it 
did not start until February 1977 and lasted for a maximum 
period of two weeks in most of the patients. Hence it 
can only be considered as a pilot study and further work 
has to be done in order to demonstrate the effect of a 
nutritional supplement on the clinical course of elderly 
women and young men recovering from fractures.
Our findings, however, suggest that there are some 
vulnerable individuals in the elderly population, especially 
with respect to their vitamins C, thiamin and vitamin D status 
who would benefit from receiving a nutritional supplement.
CHAPTER FOUR
GENERAL DISCUSSION
H --for. to those who have not the
means within themselves of a virtuous and 
happy life every age is burdensome; and on 
the other hand, to those who seek all good 
from themselves nothing can seem evil that 
the laws of nature inevitably impose 1
Cicero 44 B.C.
The studies described in this thesis have been concerned 
with the effects of a dietary supplement in a selected group of 
elderly patients. The studies were of a longitudinal nature 
in that each patient acted as his or her own control. In the 
first study, baseline measurements made during a pre-supplement 
period of two weeks served to identify the extent and nature 
of malnutrition. In the second study on elderly individuals 
who had fractured their femurs, the initial measurements which 
were either before or immediately after, surgery, also enabled 
malnutrition to be identified. Of the twenty-two subjects 
who were studied in detail, three showed biochemical evidence 
of a deficiency of one vitamin, nine of two vitamins and one 
was deficient in all four vitamins studied. Thus a total of 
thirteen out of twenty-two subjects i.e. 59% showed some 
evidence of malnutrition. These figures can be compared with 
that obtained in the nutrition survey of the elderly carried 
out by the Department of Health and Social Security (D.H.S.S., 
1972) where it was found that 3.2% of the population studied 
showed some evidence of malnutrition. It is also of interest 
that about 40% of those in whom this evidence was found had
major medical disorders which could have contributed to the 
malnutrition.
It could be argued- that the evidence of malnutrition in 
our subjects was entirely of a biochemical nature. However, 
it is recognised that a biochemical deficiency precedes the 
development of overt clinical symptoms (Pearson, 1962;
Figure 4.1).
It would seem to be important from the point of view 
of preventive medicine that a biochemical deficiency should 
be rectified before tissue levels fall and there is disturbed 
metabolism resulting in clinical disease. In some cases 
the clinical disease resulting from malnutrition may be 
irreversible, whilst in others it may pre-dispose the subject 
to injury. The latter may happen, for instance, if a person 
becomes confused as a result of thiamin or folate deficiency 
and falls breaking a femur.
There are a number of considerations that lead us to 
investigate the effects of the nutritional supplement in 
hospital patients. The study could be criticized on the 
grounds that these are a select group which is already known 
to be at risk. However, it seemed necessary to choose such 
a group in order to maximise the effects that we tried to 
measure. Furthermore, it was important that the subjects 
recruited to the project should take the supplement and the 
only way of making reasonably sure that this was so was to 
have the subjects under the supervision of people who were 
themselves interested in the project.
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A number of difficulties, some of them unexpected, and 
others anticipated, were met with in both studies. In the 
case of the patients in the geriatric hospitals the extent of, 
and changes in, drug therapy proved a big problem. In the 
later study on fracture-patients, patients were more readily 
available, but because they were acutely injured it was often 
very difficult to obtain the required urine samples, since 
it is well known that a period of oliguria follows surgery.
Mental and physiological assessments proved a problem, 
with the former proving the most difficult. A number of 
factors such as tiredness, distraction, excitement, mood, as 
well as the individual’s own clinical condition, affected the 
results. Hence changes in mental functions as a result of 
nutritional supplementation are an unreliable method 
of assessing status or benefit. However, although actual 
measurements proved unreliable, subjective assessment suggested 
that the patients had become more alert mentally. Moreover, 
one or two of the patients, who were able to discuss their 
condition, felt quite sure that they had derived benefit from 
the supplement and greatly missed it when it was discontinued. 
Measurements of grip strength did show a significant improvement 
during supplementation which disappeared when the supplement 
was stopped. The biochemical indices of vitamin status all 
showed improvement during the period of supplementation. This 
occurred whether they had been deficient or not at the commencement
These results raise the question as to the advisability 
of correcting purely biochemical parameters. In this connection 
it should be borne in mind that in the elderly the homeostatic
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mechanisms of the body are impaired and physiological balance 
is precarious (Exton-Smith, 1968) and may be upset by 
environmental or medical stress. It would seem reasonable 
to suppose that this physiologically precarious condition 
would be further aggravated by vitamin deficiencies at a 
biochemical level and this justifies their supplementation.
In some patients elevation of vitamin status occurred without 
there having been any evidence of deficiency. This raised 
a further question as to so-called 'normal* levels, and whether 
there is. likely to be some benefit to the individual of having 
blood levels above the 'normal'. At present we do not have 
enough information to be able to answer this question with 
any con f i den ce.
One of the functions that does deteriorate with age is 
the ability to inactivate drugs and remove them from the body.
This is partly a result of a fall with age in the activity of 
the mixed function or drug metabolizing enzymes, in the liver 
(O'Malley et al. , 1971), but is also a result of a fall with age in 
renal function. These hazards have been discussed by Aagaard
(1972) and Richey (1975) . Hurwitz (1969) found that patients 
over the age of 60 have 2 *» 5 times the number of adverse 
drug reactions compared with those in younger age groups.
Since the activity of drug metabolizing enzymes is also 
depressed by diets deficient in certain nutrients (Basu and 
Dickerson, 1974) it could well be that deficiencies of certain 
vitamins e.g. ascorbic acid and folic acid, that are known 
to be involved in drug metabolism would further exacerbate the 
risk of adverse drug reactions. This provides a further 
reason why such deficiencies should be avoided in the elderly.
The second study was in.the nature of a pilot. However,
there was again evidence of deficiencies of the three vitamins 
studied. In these patients there was the additional stress 
of injury and surgery. Evidence was obtained that the food 
supplement did cause an improvement in vitamin C and thiamin 
status during the short period during which they were available 
for study. Improvement in vitamin D status did not occur 
during this short period, but the results of the first study 
suggest that it would have occurred if the patients had been 
kept on the supplement for a longer period.
The results of this second study were sufficiently 
encouraging for it to be repeated. It has become evident 
that the dietary control necessary to make hydroxyproline 
determinations reliable is not possible under these conditions. 
Reliance for evidence of patient benefit from the supplement 
must be on nitrogen and mineral excretion and on blood levels 
of vitamins. The repeat of this study should clearly involve 
a longer period of supplementation and observation.
The main conclusion from this study is that there are persons 
in geriatric hospitals and in the community who would benefit 
from a food supplement of the kind used in these studies.
These persons are probably those with some underlying medical 
conditions, or in whom there are socioeconomic factors/ that 
pre-dispose to malnutrition.
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